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N the elementary presentation of electricity 

and magnetism considerable attention is 
given to the force between magnets. The subject 
receives little attention in more advanced 
courses. The force between magnets is most 
simply expressed in terms of forces between 
magnetic poles and it is quite likely that we 
shall not find the word “pole” so much as 
mentioned in some advanced textbooks. Thus 
some of the elementary concepts have been 
spared from higher criticism. As a result, sur- 
prising inconsistencies have been retained in the 
elementary theory ;! these are a consequence of 
the looseness with which the terms have been 
defined. It is the purpose of this paper to de- 
velop the correct relations (which have not been 
given elsewhere). It will be necessary to give pre- 
cise definitions and it will not be out of place to 
include a general survey of the subject. 

Inasmuch as the mechanical interaction be- 
tween magnets is exactly the same as that be- 
tween electrets, the two classes of polarized 
bodies may be treated together. We shall in- 
clude both under the name ‘“‘polaret.’’ We use 
the term electret in its original sense, as referring 
toa permanently polarized dielectric.? The “‘elec- 
trets’’ discovered by Eguchi® are probably ex- 


1'L. R. Wilberforce, Proc. Physical Soc. London 45, 82 
(1933); 46, 312 (1934); L. Page, Physical Rev. 44, 112 
(1933); Page and Adams, Am. J. Physics 3, 51 (1935); 
C. C. Murdock, Am. J. Physics 12, 201 (1944). 

20. Heaviside, Electrical papers, vol. 1, §21. 

3M. Eguchi, Phil. Mag. 49, 178 (1925). 


amples, though there is some uncertainty as to 
their exact nature. A piezoelectric crystal under 
strain is certainly an example. 


Polarets in a Vacuum 


Charge pairs, current loops and polarets.—Con- 
sider a pair of parallel plates, separated by a 
distance L and with opposite charges -+q, sus- 
pended in a vacuum in a uniform electric field 
of intensity E or D. In general, the charge pair 
will experience a torque. If the pair is turned so 
that its electric axis is perpendicular to the field, 
this torque is maximum and is given by the 
equation‘ T=EqL. We define the electric mo- 
ment Me? of these charged plates (or of other 
objects) as having a numerical value equal to 
this maximum torque in a unit field. The more 
general relation is J=M°XE. This defines the 


' 

4Or T=DgqL. We use Gaussian units, and in a vacuum 
the E and D fields are identical, as are the H and B fields. 
For the sake of readers who are accustomed to a four- 
dimensional system of units and so insist on a dimensional 
difference between E and D and between H and B, super- 
script and subscript dots have been introduced to repre- 
sent, respectively, multiplication and division by Ro (or yo), 
the dielectric constant and/or permeability of empty 
space; these will give consistency in the four-dimensional 
unit system. With this understanding, 7 =D.gL. Similarly, 
H- means Hypo (gausses) and B. means B/yo (oersteds). 
With this understanding our ultimate results hold in any 
system of units. Our symbols k and yu are dimensionless 
and represent the relative dielectric constant and perme- 
ability, rather than the absolute values (in the four- 
dimensional sense). However, it is to be hoped that the 
reader is familiar with the three-dimensional (Gaussian) 
usage, so that both the dots and the rather confusing di- 
mensional considerations can be ignored. 
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vector quantity M* both as to magnitude and 
direction. Then the electric moment of this 
charge pair is M*=gL, directed from the nega- 
tive to positive charge. 

In general the applied field will not be uniform. 
But let us assume that the dimensions of the 
plates are so small that E can be regarded as 
constant over the two surfaces. We then refer 
to the charge pair as a “point pair.’’ For a point 
pair the couple in a given field is determined 
entirely by M°; it is therefore independent of 
the charge distribution over the surface, that is, 
of ‘‘moments of higher order’’ such as quadrupole 
moments. 

In addition to the torque, there will in general 
be a resultant force acting on the charge pair. 
For a point charge pair this force is (M* grad)E, 
in a pure electrostatic field. 

If the region between the plates is filled with 
a dielectric of dielectric constant k, the torque 
and the resultant force on the system are each 
reduced by a factor approximately 1/k. If the 
distance between the plates is very small com- 
pared to their diameter, J = EqL/k. The electric 
moment is evidently gL/k. We regard the me- 
dium as made up of electric dipoles, each of 
which experiences a torque opposite to that on 
the charged plates; this gives in the aggregate a 
counter torque [(k—1)/k ]gZ. Thus the electric 
moment is comprised of the charge moment gL 
and the polarization moment —[(k—1)/k ]gL. 

We observe that the polarization reduces the 
magnitude of the couple exactly as if the charge 
on the plates were reduced from g to g/k. Thus 
we sometimes speak of a ‘‘bound charge” or an 
“apparent charge” equal to —[(k—1)/k]q as 
residing on the surface of the dielectric. 

A permanently polarized dielectric (electret) 
experiences a torque in an electric field and so 
has an electric moment, in this case entirely 
polar. We may again speak of the apparent 
charge on its faces, remembering that there is no 
actual charge there. 

Now consider a cylinder of cross-sectional 
area A suspended in a vacuum with a sheet of 
current of magnitude 7 flowing circumferentially 
around it. In actual practice the cylinder will 
usually be a solenoid of N turns carrying current 
a’, and t=7'N. To this we apply a uniform mag- 
netic field which we express either as B or H.. 


. 
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In general the cylinder experiences a torque. If 
it is turned so that its axis is perpendicular to 
the field, this torque will be maximum; then 
J =B(i/c)A, where c is the velocity of light. Or 
letting I=i/c, T=BIA. The quantity J is 
usually called ‘‘the current in abamperes;’’ how- 
ever, inasmuch as it differs dimensionally from 
a current, we shall prefer to call it the “‘abcur- 
rent.’’ We define the magnetic moment M™ of 
this cylinder (or of other objects) in vacuum as 
having a magnitude equal to the maximum 
torque experienced in a unit magnetic field 
(B,H:). The magnetic moment of our current 
loop is JA. The more general relation, which 
gives the direction of M™, is T=M" XB. 

The applied field may not be uniform. How- 
ever, the dimensions of the cylinder may be so 
small that B can be regarded as constant over it. 
We then refer to the current loop as a “point 
loop.’’ For a point loop the torque in a given 
field is determined entirely by M”; it is inde- 
pendent of the distribution of the current along 
the length of the cylinder. The cylinder can then 
be regarded as shrunk to a filament (current 
filament). 

If the core of the cylinder is filled with a 
medium of permeability » the torque on it is 
increased approximately by a factor uw. For a 
very long slender cylinder the maximum torque 
is pJAB. Thus its magnetic moment is wJA. We 
regard the medium as made up of elements which 
themselves have magnetic moments, that is, 
magnetic dipoles; each of these experiences a 
torque in the field in the same direction as that 
on the current loop and in the aggregate these 
give an additional torque [(u—1)/» JJAB. Thus 
the magnetic moment of the system comprises 
a current moment JA and a polarization moment 
[(u—1)/p TA. 

We observe that the polarization of the me- 
dium increases the torque exactly as if the ab- 
current were increased from J to wl. Thus we 
sometimes speak of a “bound current”’ or ‘‘ap- 
parent current” in the periphery of the mag- 
netized core. 

A permanent magnet experiences a torque in 
a magnetic field and so has a magnetic moment, 
here entirely polar moment. We may speak of a 
bar magnet as having an apparent current flow- 
ing around its periphery and regard the forces 
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and torques as acting on this apparent current 
loop rather than upon the molecular dipoles in 
the bar. It is understood that, in the macroscopic 
sense of the word, there is no actual current. 

Polar moment defined de novo.—As a back- 
ground we have introduced the primitive elec- 
trical concepts of charge and current. Actually 
this is not necessary, so long as we are concerned 
with the mechanical interactions of magnets (or 
electrets) among themselves. Historically, mag- 
nets were studied before electromagnetism and, 
more often than not, this same order of presenta- 
tion is preserved in our classrooms. Let us define 
the various concepts from this point of view. It 
will involve repetition only to the extent of re- 
defining magnetic and electric moment, now 
without the use of the field concept. Since there 
is no difference between the mechanical inter- 
action between electrets and that between mag- 
nets, it ts not necessary to distinguish them and, 
as already mentioned, we shall refer to both by 
the common name polaret. We shall drop the 
superscripts (em) that we have used to dif- 
ferentiate electric and magnetic polarets. 

We first observe that polarets are actually of 
two classes: magnets which act only on each 
other and electrets which act only on each other. 
Now if, in a field-free vacuum, two polarets, 
A,B, of the same class are suspended some dis- 
tance apart they will assume an orientation in 
which their polar axes are collinear. This de- 
fines the direction of the polar axis in each. Now 
if one of the polarets (A) is turned from this 
position it will be acted on by torque that is 
maximum when the angle of twist is 90°. Pre- 
serving this 90° orientation we may increase the 
distance of separation r of the two polarets. 
When r is large in comparison with the dimen- 
sions of the polarets we find that the torque T 
varies as 1/r°. We then define the magnitudes of 
the magnetic or electric moments Mu, Mz by 
the relation 


{= 2M,4M;/r’. 


A unit magnet is one which exerts a torque of 2/r° 
dyne cm upon a similar magnet placed on the ex- 
tension of and at right angles to the first, when the 
distance r between centers is large compared to the 
dimensions of the magnet. The direction of the 
moment axis has been defined ; its positive sense 


t 
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can be defined by a suitable convention, in terms 
of its orientation in the earth’s field. 

In terms of atomic theory the polar moment M 
is the aggregate of the moments of the individual 
dipoles in the polaret. The two moments are 
sufficient to determine the torques and resultant 
forces acting between two polarets when r is 
large. But to obtain the exact laws of force and 
torque for smaller distances it is necessary to 
know the distribution of the polarization. The 
polarization P is defined as the polar moment 
per unit volume. Magnetic polarization is often 
called the intensity of magnetization and the 
electric polarization is sometimes called the in- 
tensity of electrization. 

Definition of pole and of encirclement.—Two 
useful quantities are the pole density, a, and 
what I shall call® the “density of polarization 
encirclement,’’ $6. They are defined by the equa- 
tions 


a=-—divP, 
6=curlP. 


To illustrate the meaning of these quantities 
consider a slender magnet. Here the polarization 
can be considered to be substantially parallel to 
the length, so that P, =P,=0. Then a= —dP/dx 
and, around the axis, 8=dP/dR, where R is 
the distance from the axis. The pole density is 
the decrease in polarization or the depolariza- 
tion, per unit length as we pass in the direction 
of P along the bar. It is negative (“south pole 
density’’) near one end and positive (“north 
pole density’’) near the other. For the beginning 
student, one may say that a pole is simply a 
region where the magnetization is changing; I 
trust that the gain in concreteness in this state- 
ment makes up for the loss of precision. 

In an ideal magnet that is homogeneously 
magnetized, divP=0 except at the ends where 
there is surface divergence. In general 


surface divergence of P= Pi,.— Pi, 


where Pi; and P., represent the perpendicular 
components inside and outside the surface, re- 
spectively. Since Pi,=0 and for homogeneous 


5 {adr is the pole strength. Unfortunately, the integral 
J Bide, the surface integral of the curl or rotation of the 
polarization, has no generally recognized name. I call it 
the strength of the “‘polarization encirclement.” It will be 
represented by v. 
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magnetization, Pi, over the end surfaces is 
equal to P, we have the well-known relation for 
pole strength per unit area, 


surface density of pole at ends=P. 


Polar encirclement is a vector field-encircling 
the magnetic axis. In the case of homogeneous 
magnetization there is no encirclement in the 
bar, that is, dPu/dR=0; the whole change in P 
occurs suddenly as we pass through the surface. 
In magnitude 


surface curl of P= Pu;,— Pit, 


and is.directed around the peripheral surface. 
This surface encirclement density 8, which is the 
encirclement per unit length along the surface, 
is equal to the difference between internal and 
external polarization; in a vacuum it is equal in 
magnitude to the internal polarization P. In 
this ideal polaret with P constant the encircle- 
ment equals PL, is in a peripheral sheet, and in 
the magnetic case is what we have called the 
“apparent abcurrent.”’ 

The volume integrals of the positive (VV) pole 
density and of the negative (S) pole density are 
called, respectively, the strengths m of the two 
poles. By averaging over the density distribution 
we find the average position of each pole. If L 
represents the distance between these mean 
positions, we have mL=M. 

Consider a surface passing out from the axis 
of the magnet; all the encirclement lines pass 
through it. The strength of the entire encircle- 
ment v is defined as the flux of § through this 
surface, or v= fBide. But usually the encircle- 
ment is confined to the surface and it is only 
necessary to consider the flux across a line drawn 
along the surface; then v= fBidl. The encircle- 
ment will encircle a certain area, or at all events 
an average area, A. The encirclement strength 
times the mean area equals the magnetic mo- 
ment; vA=M. 

These same relations hold for electrets. The 
electret has electric moment, electric polariza- 
tion, two poles and an encirclement around its 
periphery. 

The electric pole on the surface of a polarized 
dielectric is commonly called the ‘‘bound charge’”’ 
or, in the case of Eguchi’s electrets, it is simply 
called the ‘‘charge.”” These terms are misleading. 
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They must imply to the student that the electric 
pole is a real charge, which it is not; charge is 
defined as the source of the D field or, if we 
prefer, by the equation F=qig2./kr®. If we need 
a phrase to interpret the meaning we may call 
the electric pole an “apparent charge,’’ the 
magnetic encirclement an ‘‘apparent current.” 
Note that no such descriptive terms can be 
found for the magnetic pole and the electric 
encirclement. 

But, the student will say, there really is a 
preponderance of protons or electrons on the 
pole surfaces of an electret. To be sure, if we go 
to atomic dimensions we shall find that this is so. 
But it is irrelevant. We are giving a macroscopic 
description of phenomena, involving such non- 
fluctuating quantities as D, E, P, p. This implies 
that our differential volume dz is a “physical 
infinitesimal,’’ much larger than atomic dimen- 
sions. Whether at a positive pole we shall find 
in dr an excess of protons over electrons de- 
pends on the convention which we adopt in 
bounding this volume element. Our definition of 
charge density as divD/4z, instead of divE/4z, 
is simply conventional and can be neither con- 
firmed or discredited by an atomistic in- 
terpretation. 

Forces between polarets in a vacuum.—When 
polaret B is placed near polaret A, each polarized 
volume element dr in A acts on each polarized 
volume element drg in B. These forces vary as 
1/r*. Integrating over all elements of A and B 
gives the resultant force and the torque. There 
are two ways in which the result can be simpli- 
fied. In the first method we sum up the effects 
of all the polar elements in a small tube ex- 
tending through the polaret parallel to P and 
find the total effect in terms of the poles at the 
ends. We have then for the resultant force 


F= J edo(enas -drdt2/r’), 


where fo is the unit displacement vector. Thus 
we get the actual force between the polarets if 
we conceive of a force as existing between each 
pole element in the two polarets which varies 
as 1/r’, a force that is repulsive between like 
poles and attractive between unlike poles. More- 


6 W. F. Brown, Am. J. Physics 8, 338 (1940). 
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over, these forces, with these lines of action, 
give the proper value for the couple on the 
polaret. Hence, so long as they are regarded as 
rigid bodies (neglecting internal stresses), the 
interaction between polarets can be considered 
as the result of ‘‘forces’’ between poles. When 
the distance between the polarets is not too small 
the poles can be regarded as concentrated at 
their mean positions and the interaction of the 
two bodies becomes the resultant of the four 
forces between the two poles of one polaret and 
two poles of the other; that is, 


F= DY ro(mimz./r’). 


This approximation, using point poles, is more 
exact and holds for smaller distances than the 
relation, assuming point polarets, in terms of the 
moment (neglecting moments of higher order). 


The quantity /(afo/r?)dr defines the E- field or H 
field of the polaret both in space and in the polaret itself. 
That is, a pole is a source of E- field or H field. This means 
that at a surface pole at the end of a polaret, AE- or 
AH=42a. Within the province of our present considera- 
tion (polaret theory without charges and currents) both 
fields are irrotational. The H field finds a vortex in electric 
current. 


In the alternative method of simplification we 
sum up the effects of the polarized volume ele- 
ments Pdr in a thin shell across the polaret 
perpendicular to P and so find the total effect 
in terms of the encirclement at or near the 
periphery. The field produced by polaret A can 
be computed by applying the Biot-Savart law 
to its encirclement ; we have D,B. = (8 Xr0)d7/r’, 
and the resultant force on polaret B is (8 XE)dr 
for electrets or (@XB)d7r for magnets. We can 
thus regard the two polarets as interacting 
through forces between their encirclements. 
When the distance between polarets is large the 
exact distribution of the encirclement along the 
sides of the polaret is not important and the 
encirclements can be regarded as reduced to 
filaments. This is analogous to the point-pole 
approximation. 


The field obtained by applying the Biot-Savart law to 
the encirclement is the D or B. field. That is, the encircle- 
ment is a vortex of these fields. For a surface encirclement 
around the sides of the polaret, ADy or ABy.=428. Both 
fields are sourceless in our polaret theory. The D field 
finds a source in electric charge. 


We have been considering only the macro- 
scopic properties of the polaret. It has been 
treated as a continuum. Atomic theory has re- 
vealed the nature of the ultimate elements, the 
dipoles. In the electrical case the dipole is a 
charge pair, a polarized atom or molecule; in 
the magnetic case it is a current circulation, 
usually electron spin, less often a charge re- 
volving in an orbit. Hence, the forces between 
electric dipoles are actually repulsions and at- 
tractions between atomic charges and for elec- 
trets it is natural to prefer the pole representa- 
tion. On the other hand, the forces between 
magnetic dipoles are actually forces between 
currents in the microscopic sense; in the aggre- 
gate, these become forces between encircle- 
ments. It might be supposed that we would pre- 
fer the encirclement (vortex) representation for 
the magnet. If we do not, it is because the field 
vortices are somewhat more difficult to compute 
with than the field sources. 


However, when currents are present the vortex repre- 
sentation is often simpler, since the current must certainly 
be recognized as a vortex of the field and the introduction 
of poles means a double point of view. Consider a core in a 
long solenoid. Let « represent the linear abcurrent density 
around the solenoid, that is, the abcurrent J’ in the solenoid 
multiplied by the number of turns per unit length. Then 
the intensity of magnetization in the core is P=(u—1):, 
and the vortex that flows around the core has a linear 
density (u—1). abamp/cm. The abcurrent J is a vortex 
of both the B and H fields and the encirclement v is a 
vortex of the B field only. Hence, if there is space between 
the core and the coil the fields here are B= H:=4m, from 
the current. The H: field in the core has this same value 
but the B field here is 4miz, since the polar vortex is a 
vortex of B but not of H. 


Polarets in a Medium 


When two polarets are surrounded by‘a me- 
dium, with »,k>1, the force between them is 
sometimes increased, sometimes decreased, de- 
pending on their shapes. This indicates that the 
conventional formula F=m,mz2./yr* is incorrect. 
This familiar relation is presumed to follow 
from the relations B.=m/r? and F=mH.. But 
each of these is wrong. The correct relations are 
H=m/r and F=mB, so that the force between 
two magnet poles becomes F=mymz.y/r’. 


The conventional equations are based upon an analogy 
that compares a magnet or an electret to a charge pair. 
Let us see what is wrong with this. We compare an electret 
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or magnet, with poles +m with a pair of charged plates 
with charges +q. If we make g=™m, in a vacuum the ex- 
ternal fields of the electret and of the charge pair are 
identical. Two such charge pairs will exert forces upon each 
other. If they are immersed in a medium, the forces will 
be reduced by the factor 1/k, since between charges 
F=qiq2./kr?. But if two flat electrets are immersed in a 
medium the force between them is not reduced but in- 
creased. Here we are considering ideal electrets with con- 
stant polarization; for actual electrets the increase is still 
greater. This is because the separate poles cannot be im- 
mersed in the medium in the sense of being surrounded 
by it. Simply because they are poles and not charges, the 
new medium can surround the exterior surface of the poles 
but the medium between the poles necessarily remains 
unchanged. The electret is, however, exactly comparable 
with a pair of charged plates, the space between which is 
sealed off. When such plates are placed in the medium the 
external E field (not the D field) remains substantially 
unchanged for plates of large area and small separation, 
the external D field increases by a factor k, approximately, 
and the force between two pairs of such sealed-off plates 
increases by the same factor. Similar relations hold for 
thin magnetic shells and their H and B fields. 


Before developing the correct relations, it 
should be pointed out that when a polaret is 
placed in a medium with y» or k>1, its poles are 
reduced. For simplicity, let us consider an ideal 
magnet with fixed polarization, so that the only 
change of polarization occurs in the medium. By 
definition, pole density is —divP or, for surface 
poles, P1;—P.i.. Thus the very existence of a 
magnetic medium, with polarization P,, implies 
the change in surface poles. If we imagine a slight 
interval between the magnet and the medium, 
we can imagine the pole as resolved into two 
poles of opposite signs: m’, the “proper pole”’ 
of the magnet with surface density P1,;—0=P., 
(in addition to any internal distribution), and 
m", the ‘induced pole of the medium,” with 
density —P.i,. The actual pole m is equal to 
m'+m". The strength of the induced pole in 
the medium depends on the H/-flux which enters 
the medium; m” =H-flux Xsusceptibility = H- 
fluxX(u—1)/4r. In a long slender magnet, 
where practically all the H field of the pole 
enters the medium, m” is nearly —m,(u—1)/p 
and m is reduced to practically m’/y. In a very 
short magnet—magnetic shell—only a small part 
of the H field is external; m” is nearly zero and 
m is substantially the same as m’. 

Field and force relations —We shall now show 
that a point magnetic pole generates a field 


JOHN A. ELDRIDGE 


H=m/r and that the force on a point pole is 
given by F=mB, with corresponding relations 
for electrets. The first relation is implicit in the 
definition of H and m.” We have the well-known 
relation B=H+42P. Taking divergences of both 
members of this equation, we obtain 0=divH 
+4 divP or, substituting a=—divP, divH 
=4ra. By Gauss’s theorem: Efflux of H 
= fdivaHdr=42r fasdtr=4rm. Thus m is a 
source of the H field. When there is no current, 
curlH=0; then the value of H is given by 
JS (afo/r*)dr; or when the poles can be regarded 
as located at points, H=(mtro/r?)+(m-ro/r’), 
This demonstrates our first relation. A similar 
relation holds for the E field of electrets. 

We now wish to show that the force on a pole 
is mB for magnetic poles or mD. for electric 
poles. Consider the force on a point charge q 
located in the medium some distance from an 
electret. The force on the charge is gE or 
q. JS (ato/r’)dr. The force on the electret is 
opposite to this, or — Jf (g.aro/r’?)dr. Since 
—qg.to/r?=D, the force is f§/D.ad7. For point 
poles the force is mD.. 

The force on a magnet pole is mB. This can 
be accepted because of the analogy with the 
electric pole. If a proof is required, it can be 
developed somewhat along the same lines by 
introducing the electric current instead of the 
electric charge into the field of the magnet. 

In the alternative (vortex) representation it 
can be shown that the field which we compute 
when we apply the Biot-Savart relation to the 
encirclement tube is the B field, rather than the 
H field as for currents, and that the force on a 
length d/ of the encirclement is vX Hdl, as con- 
trasted with IXBd/ for currents. 

It must be remembered that the pole m or 
the encirclement v as used here is the actual 
pole or encirclement as it exists, including the 
induced pole or encirclement in the medium. 
Thus these relations cannot be applied until this 
induction has been computed. We have seen 


7 Magnetic pole is sometimes defined as ‘‘fictitious mag- 
netic charge.’’ I am not sure what this means; possibly it 
implies that 4ra=div B.. Since div B=0, this m is cer- 
tainly very fictitious and the conventional equations are 
correct for the nonexistent forces between the nonexistent 
poles. It seems to me that this is meaningless. We say 
that ‘‘a magnet has two poles,” ‘‘like poles repel,’’ and the 
pole must be defined as a reality which gives sense to these 
statements. 
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FORCES BETWEEN, MAGNETS AND BETWEEN 


that this very simple for the limiting cases of a 
long slender polaret and a polar shell. For a 
slender magnet, m=m’/y and the force between 
poles of such magnets becomes F=my'm».’/yr’. 
Thus, in this limiting case the conventional equa- 
tional equation is correct, if we interpret the m, 
and mz in the equation as meaning the proper 
poles. On the other hand, for a magnetic shell, 
m=m' and F=ym,'m>2.'/r?. Thus the interaction 
between two magnetic shells is increased when 
they are placed in a paramagnetic medium, like 
the interaction between two current loops. It 
has generally been supposed that the equivalence 
between a current filament and a magnetic shell 
broke down in a medium. Wilberforce and Page 
have each derived this correct relation for shells 
of particular shapes ;! actually, it is quite general. 
On the other hand, a long magnet and a long 
solenoid, which are equivalent in a vacuum, do 
not preserve this equivalence in a medium. We 
have just seen that in a paramagnetic medium 
the force between two long magnets is reduced ; 
the force between two long solenoids is increased. 
We shall show that the magnetic moment of 
the magnet is reduced while that of the coil 
remains unchanged. The reason for the difference 
is quite simple. The current is surrounded by 
the medium while the encirclement is not, except 
in the limiting case of a shell of infinitesimal 
thickness. However, a long magnet is exactly 
equivalent to a long solenoid with an imperme- 
able core. If a coil is wound on a cylinder, 
stoppered at the ends, the magnetic moment of 
this solenoid will be decreased by the medium. 
Magnetic moment.—We have not actually de- 
fined the term magnetic moment, except in its 
application to objects in a vacuum. Nor has the 
term polar moment been exactly defined. By 
the polar moment of any volume +r I mean the 
vector sum of the dipole moments within it; 
that is; polar moment= /Pdr. From this it 
follows that the polar moment of a bar magnet 
in a medium is m’L’, where L’ is the distance 


* This will imply the sense in which I use the term 
“polar moment.” Logically, it is a definition of P. We 
measure the moment of a polaret in a medium; this mo- 
ment in turn can be broken up into an internal and ex- 
ternal moment, each of which is interpreted as the integral 
of a polarization. The analysis depends on a theory. It 
is debatable whether the electric moment of an Eguchi 
electret and the magnetic moment of a superconductor are 
teally charge (current) moments or polar moments. 
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between the mean centers of the proper poles m’. 
The external medium is also polarized and this . 
has a polar moment equal to m’’L’’, where L” is 
the distance between the induced poles m’’. I 
shall call this the “associated moment” of the 
polaret. 

Our earlier definition of magnetic or electric 
moment must be made more precise by dis- 
tinguishing between the H and B or E and D 
fields. We shall define the magnetic or electric 
moment of a body as numerically equal to the 
torque per unit B or D. field when the polar axis 
is perpendicular to the field. Since the force on 
a magnetic pole is mB, the torque acting on the 
transverse magnet is (m’L’+m’''L’’) XB; L’ and 
L” are usually nearly the same. Therefore the 
magnetic moment of a magnet is equal to its 
polar moment plus the associated moment. To 
illustrate by an extreme case, if u were infinite 
and if the proper poles were on the surface, m’’ 
would equal m’ and there would be no magnetic 
moment; this may be compared with a mag- 
netized ring. The magnet in a medium is really a 
double magnet, an inner and outer polarized 
region, each with the same rigid boundary. We 
have remarked that the applied field acts on 
every dipole in the magnet; we should rather 
have said that it acts on every dipole in the 
magnet and in the surrounding medium, which 
together conspire to rotate or translate the de- 
fining surface. 

The torque acting on a solenoid, perpendicular 
to the field, is JAB; therefore its magnetic mo- 
ment is JA. It is thus unaffected by the medium. 
The reason for this is that in the medium there 
is no associated polar moment. The polar mo- 
ment of the medium inside the solenoid is ex- 
actly opposite to the moment of the rest: of the 
medium. There are no poles. However, if the 
solenoid has an impermeable core, there are 
poles in the medium on the ends of this core and 
an associated moment mL, the polar moment of 
the exterior medium, which decreases the mag- 
netic moment of the solenoid just as it de- 
creases the magnetic moment of a permanent 
magnet. 

The torque acting on a pair of condenser 
plates with axis perpendicular to the field is 
qLE=qLD./k. Therefore, the electric moment, 
as defined, is gL/k and the presence of the me- 
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dium reduces its value. We recognize gZ as the 
charge moment and —gqL[(k—1)/k] as the 
associated polar moment of the medium, between 
and around the plates, since m!’ = —q[(k—1)/k]. 

Resume.—We now give the major equations 
for polarized mediums. The application of the 
various equations will probably be obvious; they 
are given in alternative electric, magnetic form. 
Analogous relations involving charge and cur- 
rents are given without numbers. 


D=q/r, H=(1Xr)dl/r’, 

E.,H=m/r, (1) 
D,B. = (vXro)dl/r’, (2) 
E.,H=2M/P, (3) 

F=gE, F=(§X<B)di, 
F=mD.,B, (4) 
F =(v XE,H.)d/, (5) 
F=MxXD.B, (6) 

F=qig2./kr’, 
F=mymo>.k,p/r’. (7) 
We must consider these equations as they will look in 


the four-dimensional formulation (mkso units, for example) 
with the dimensional constants ko and yo expressed. In 
actual practice, Eqs. (1), (3), (4) and (6) are most im- 
portant. Observing the dots in the magnetic form of these 
equations, we see that the absolute permeability does not 
appear. Unhappily, the situation is exactly reversed in the 
electric equations and the constant ko must be introduced 
in each to give dimensional consistency.’ 


Perhaps I may be allowed to draw a moral for 
the teacher from this discussion. (i) I believe we 
should not define magnetic poles as “fictitious 
magnetic charges;’’ they are centers of force 
near the ends of a magnet. In elementary physics 
we cannot define them in terms of a divergence 
but we can define a pole as a region where the 
dipole alinement begins or ends. (ii) We can 
give magnetic moment somewhat more emphasis 
as a fundamental concept. (iii) We should corre- 


® As we have defined them, m* has the dimensions of g 
and v™ has the dimensions of J. Strangely enough the more 
usual convention gives m* the dimensions of g/ko and v™ 
the dimensions of I/yuo. This remarkable convention inter- 
changes the dots between electric and magnetic symbols, 
simplifying the electric equations and complicating the 
magnetic equations. Our convention is that of Stratton. 
[See J. A. Eldridge, Am. J. Physics 15, 390 (1947).] 
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late magnets and solenoids by at least mention- 
ing Ampére’s theory. In a more advanced course 
the concept of ‘‘polar encirclement’”’ should be 
introduced, by this or some other name. The 
magnetic encirclement may be called ‘‘apparent 
current.” (iv) We should point out the simi- 
larities and differences between electric poles 
and charges, between magnetic encirclement and 
current, but the terms ‘“‘bound charge” and 
“bound current” should be discarded as mis- 
leading. (v) The simple vacuum relation F 
=mm:./r? resembles the equation F=qig2./r 
and the force between poles may be used to 
introduce the force between charges, though the 
wisdom of this is probably debatable. But cer- 
tainly we must not give the incorrect relation 
F=mym:./yr. (vi) Actually, the effect of a 
fluid medium is trivial and the subject may be 
omitted. If it is discussed, the poles in the me- 
dium must be recognized and the equations 
given in proper form. It is probably not neces- 
sary to point out the fact, so often demonstrated 
elsewhere, that the three-dimensional formula- 
tion (Gaussian units) greatly simplifies the 
teaching of the fundamentals of electricity. 


Eguchi Electrets and Permanent Magnets 


In developing the concepts of electric polariza- 
tion we have introduced the concept of the 
permanent electret. If the student does not find 
these permanent electrets in the laboratory, he 
certainly does have temporary electrets in the 
medium between charged condenser plates and 
the theory applies to them. But perhaps it will 
not be out of place to remark briefly upon the 
properties of the Eguchi electrets. These are 
plates of beeswax or Carnauba wax which have 
been ‘“‘electrized’”’ by cooling them from the 
molten state while they are in an electric field. 
After the field is removed these wax plates ap- 
pear to reverse their direction of polarization, 
for some unexplained reason; thereafter their 
properties remain very constant. Eguchi believed 
that the properties of this “‘electret’’ were due to 
polarization and this view is usually accepted; 
it has been suggested, however, that they may 
be due to charges near the surfaces. The most 
remarkable property of this electret is its ability 
to recover and renew its electric moment after 
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this has been temporarily lost by an accumula- 
tion of charges on the surface, arising from ions 
in the atmosphere. If we accept the polarization 
hypothesis, this means that when the depolariz- 
ing E field in the wax is reduced by the accumu- 
lated surface charges, the polarization increases 
to restore it. Thus this electret acts differently 
from the ‘ideal permanent magnet,’ which is 
regarded as having constant magnetization. 

In illustrating the effect of a medium, we have 
occasionally considered ‘‘ideal permanent mag- 
nets’ with constant polarization. An actual 
magnet, however, increases its polarization when 
the internal depolarizing field is reduced. Per- 
haps we should have a dynamic instead of a 
static picture of our ideal magnet. Instead of 
thinking of a magnet as a static distribution of 


alined dipoles, should we not think of it as an - 


assemblage of dipoles striving for alinement 
against-the influence of the demagnetizing field? 
When we attempt to reduce this field the po- 
larization increases until the field is nearly re- 
stored. A magnet is a source of magnetomotive 
forcee—JSs¥ Hudl, integrated from pole to pole; 
perhaps we should define an ideal permanent 
magnet as one that preserves constant the value 
of this magnetomotive force, rather than the 


polarization, in different applied fields. To il- 
lustrate, consider the reciprocal of the differential 
permeability, 1/u[=dH./dB]. If P is constant, 
dH./dB=1; if H is constant, dH./dB=0. Actu- 
ally, for the best permanent magnets the value is 
much nearer 0 than 1. For Alnico 1, dH./dB 
varies from 0.05, for H=0, to 0.006, for P=0. 
These values are typical. They show that the 
tendency to preServe the mmf is more conspicu- 
ous than the tendency to preserve the polar 
moment. 

Whether an electret resembles an ‘‘ideal per- 
manent magnet’’ depends on the definition of 
the latter. Certainly the recovery property of 
these electrets does not in itself invalidate the 
analogy with ordinary magnets. The chief dif- 
ference is that the recovery in electrets is a 
slow process, whereas in magnets it is prac- 
tically instantaneous. 


Note added with proof: Unpublished results of M. L. 
Moon, confirming those of Thiessen (Physik. Zeits. 37, 511, 
1936) convince me that Eguchi’s “‘electrets’’ have internal 
and surface charges rather than polarization. Strained 
piezoelectric crystals are true electrets and any solid 
dielectric in a magnetic field becomes a temporary electret. 
Of course the external properties of the double charge and 
the double pole are identical so long as the charge pairs 
remain unbroken. 


The scientific method is a very powerful thing. It is a new thing in human history. Its power 
has only gradually won recognition during the past three or four centuries of human existence. 
Its fairly wide-spread development is a phenomenon of the last hundred years. Even today 
the use of the scientific method is not really widespread. Vast numbers of human beings, not 
only in so-called backward countries but also in so-called civilized countries, have only a most 
imperfect understanding of what it has done and can do. 

The scientific method is also restricted in its use in another way: there is still a great reluc- 
tance even in the civilized countries to accept and extend its use in the fields of sociology, 
economics and politics. Even more important for mankind than further development of the 
physical and biological sciences will be, I hope, in the years to come, the full acceptance and 
use of the scientific method in the social sciences.—E. U. Connon (1948). 






























ECHANICAL clocks began to appear about 

ten centuries ago. Little can now be learned 

about the original design and construction of the 
earliest ones, since records are almost non- 
existent and since the early clocks that still 
survive have generally been rebuilt, at least in 
part.! The first attempts to subdivide the day 
were by means of sundials, burning graduated 
candles, oil lamps, or ropes, clepsydras, and hour- 
glasses. Later, mechanical devices were developed 
which would strike the hours on bells. Indeed, the 
word clock is said to be derived from the Dutch, 
German, or French word for bell. These bell- 


striking devices, which were huge and clumsy, 


were mounted in towers. They were weight 
driven, the descent of the weight being regulated 
probably by a fan fly or a brake. At first they had 
no dials; later, dials with only the hour hand were 
used, and still later, as clocks were improved to 
keep more accurate time, the minute hand was 


1 There is, however, a great deal of information about 
more recent developments, many books on the subject 
having appeared since the beginning of the 18th century. A 
large number of these, including many of European origin, 
may be found in large American libraries. Other sources of 
information are the original articles dealing with specific 
developments during the 18th and 19th centuries, which 
can be found in the journals of some philosophical, astro- 
nomical, and horological societies in Europe. However, not 
many of these, if published prior to about 1870, are to be 
found in American libraries. Books published in this 
country often deal with the history of clock cases or clock 
manufacturers. A search in Science Abstracts from 1900 on, 
particularly since 1925, will give references to important 
papers on recent developments. The following brief 
bibliography will prove useful. 


R. Glazebrook, Dictionary of applied physics (Macmillan, 
1923), vol. 3, pp. 202-231. Article on ‘‘Clocks and time- 
keeping.” 

Encyclopedia Britannica (ed. 11), vol. 6, pp. 536-553. 
Article on ‘‘Clocks.”’ 

Lord Grimthorpe, (Edmund Beckett), A rudimentary 
treatise on clocks, watches, and bells. Printed in several 
editions in England, the latest in 1872. It is found in 
large American libraries and is apparently highly thought 
of by experts. 

H.R. A. Mallock, Proc. Roy. Soc. A85, 505 (1911). Contains 
an excellent analytical treatment of the various errors 
that may affect clock pendulums. 

W. I. Milham, Time and time-keepers (Macmillan, 1945). 
There are several earlier editions, beginning in 1922. An 
excellent book with a very large bibliography. 


Airy’s Theorem and the Improvement of Clocks 
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added. We know that some time between 1360 
and 1379 a clock, controlled by a crown wheel, 
verge and foliot balance (Fig. 1), was made for 
King Charles V of France by Henry de Vick. 
(There are records of clocks made in England 
slightly prior to this.) As tower clocks became 
more numerous, the demand arose for domestic 
clocks, which began to put in an appearance 
about 1600. Some were controlled by a foliot 
balance, and others, after about 1675, by a 
pendulum ; but the escapement was, at first, the 
same type as used by de Vick in the 14th century. 
Gradual development of the small clock, both as 
to size and timekeeping quality, finally led to the 
development of the watch. 

The first pendulum clock, which is said to have 
been built by Huygens in 1674, utilized the crown 
wheel escapement. Claims for priority are, however, 
also made for Galileo, Hooke, and Fromantel. 
The recoil anchor escapement, invented by Hooke 
in 1676, or some modification of it is now used on 
about 90 percent of mechanical household clocks. 

It appears self-evident now that a clock must 
be controlled by an isochronous oscillator, pos- 
sessing inertia and subject to a restoring force 
proportional to the displacement, and that this 
oscillator must be subject to no other additional 
force except the impulse delivered at the center of 
its oscillations. Galileo understood the isochro- 
nism of a gravity pendulum, as we know; but the 
other requirements were not generally under- 
stood by the early clock makers. In 1827 Lord 
Airy? made a careful analysis of the problem, 
proving a theorem since known by his name, and 
deductions from his results were made by others. 
One statement? of Airy’s theorem is: ‘‘an irregu- 
larity of impulse at the ends of the swing changes 
the epoch of the pendulum, that is to say, its 
timekeeping, directly, while an irregularity [of 
impulse ] in the middle of its swing changes only 
the amplitude of its arc.’”’ After the time of Airy, 
progress towards accuracy in clocks was much 


2Lord Airy, Cambridge Phil. Soc. Trans. 3, 105 (1827). 
3 R. Glazebrook, reference 1, p. 204. 
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more rapid. A simple proof of Airy’s result is 
given near the end of this paper. 
The combination of crown wheel, verge and 


foliot balance shown in Fig. 1 is the earliest type of 


escapement known. A tooth of the crown wheel 
engages a pallet, attached to the verge or vertical 
spindle, and, pushing on it, imparts a motion to 
the balance. Presently the tooth slips by the 
pallet, but another pallet at the opposite side of 
the wheel is caught by a tooth, arresting the 
wheel-work; the balance is brought to rest (the 
crown wheel recoiling in the process) and is then 
forced in the opposite direction. Thus the balance 
has an oscillatory motion, whose frequency de- 
pends on the inertia of the balance and on the 
force imparted by the wheel. The rate can be 
adjusted by changing the,positions of weights on 
a cross bar or foliot set at right angles to the 
verge. The timekeeping qualities of this type of 
escapement were very poor. The balance could 
not have simple harmonic motion, and the 
escapement was very sensitive to changes in the 
lubrication. 

Graham’s invention in the early 18th century 
of the deadbeat escapement was an improvement 
so skilful in design as to be unsurpassed for two 
hundred years. In the deadbeat anchor escape- 
ment (Fig. 2) the pallets are so shaped that a 
small impulse is given to the oscillator only near 
the center of its motion; at other times, the 
arrested tooth rests against a cylindrical surface 
F, whose center of curvature is in the axis of the 
escape arbor B. Thus no work is done, except on 
account of friction, while a tooth slides along this 
cylindrical surface. There are retarding forces 
during the arrestment, namely, the friction of the 
arrested tooth on the dead (or locking) surface of 
the pallet, the air resistance on the pendulum, 
and the internal friction in the suspension spring 
of the pendulum. 

The recoil escapement (Fig. 3), due to Hooke, is 
found in a number of forms. It may, or may not, 
have an impulse face like that of the deadbeat 
type. The upper portion of the locking face of 
each pallet is farther from the arbor of the anchor 
than the lower portion, so that the escape wheel 
is given a backward motion near the end of the 
swing, which, in turn, shortens the swing. If there 
isa second hand on the face of the clock or watch 
this backward motion is easily observed. More- 


THEOREM 


Fic. 1. Early type of crown wheel, verge and foliot 
balance escapement. 


over, the arresting face is usually convex because 
that shape wears better. The recoil escapement is 
not nearly as sensitive to the state of lubrication 
as was the crown wheel type, nor does it require 
as large an amplitude, but its design and opera- 
tion ignore the restriction stated in Airy’s basic 
theorem. It is, however, easy to make, and the 
recoil opposes the tendency toward larger ampli- 
tude of the pendulum when the driving force 
becomes larger. Thus the recoil escapement be- 
came very popular for cheap clocks, but it is 
never used on high-grade clocks because of its 
inherent defects. The clapper of an alarm clock is 
operated by a recoil escapement; the decrease of 
its frequency, as the spring runs down, is easily 
noticeable. If the pendulum of a clock with recoil 
escapement is removed, and the driving force is 
maintained, the crutch or anchor will be found to 
oscillate quite easily as a rule; but if the escape- 
ment is deadbeat, the crutch cannot oscillate 
unless it is rather heavy, or unless a weight is 
attached to it. 

For timepieces with balance wheels a number 
of escapements have been invented. The de- 
tached-lever type, invented by Thomas Mudge in 
1750, is considered the best by American makers. 
Chronometers, which must meet more exacting 
requirements than watches, use an escapement in 
which the impulse is always the same, no matter 
what the pull of the mainspring is; that is, the 
impulse does not decrease as the main spring’ 
unwinds. Probably the earliest good marine 
chronometer was built by John Harrison in 1770; 











Fic. 2. Deadbeat anchor escapement. 


for it he received a prize of £20,000. His escape- 
ment was better than Mudge’s, but is not the one 
used on modern chronometers. 

Special problems are encountered in outdoor 
clocks, whose hands are likely to be large and to 
be exposed to the weather. In order that the 
impulse on pendulums may be independent of 
variations in the drive, wind pressure on the 
hands of tower clocks, or variations in the friction 
of the gear train, several gravity escapements 
have been invented. In these the weight of an 
unbalanced lever provides the impulse, which is 
therefore always the same. The lever is unlocked 
by the pendulum at the proper moment; after it 
has fallen, it is brought back up again by the 
drive and gear train. From this action the name 
remontotr is derived. For portable timepieces, the 
force of a spring takes the place of gravity. 
Altogether nearly 300 types of escapement have 
been invented, but only about ten have been 
reliable enough to survive. 

Other significant improvements were the in- 
vention of the maintaining spring, which main- 
tains the driving force on the train while the 
timepiece is being wound, and the jewel bearings 
in watches to reduce their friction. One cannot 
but admire the diligence, persistence, and skill of 
the clock and watch makers of the prefactory era, 
who made the delicate parts and cut the gears by 
hand, and who even had to make the plates and 
gear blanks by hammering out larger pieces to 
the required thinness. Nor had they -the help 
given to later makers by Airy’s work. While the 
better timepiece was being developed, much inge- 
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nuity was exhibited in ornamentation and in the 
addition of intricate mechanisms for embellish- 
ment rather than for improvement in timekeeping. 

The force that acts at any instant on the 
oscillator is obviously the difference between the 
driving force and the sum of the resistances. If 
these forces could be kept rigorously constant, 
the problem of the perfect timepiece would be 
very simple. However, the lubricant gradually 
picks up dirt, and both its viscosity and the 
forces exerted by the springs change with tem- 
perature. Moreover, even the best product of an 
experienced maker fails to give satisfactory re- 
sults unless it is well cared for, and proper care 
demands an intelligent understanding of the 
functions of the various parts. 

The amplitude of the, oscillator is such that the 
energy imparted to it by the escapement is just 
used up by the resistances already enumerated in 
the paragraph on deadbeat escapements. If the 
impulse varies, the amplitude varies also. In 
watches, the modern hairspring is practically 
isochronous, so that the unwinding of the main- 
spring does not affect the rate of the watch to an 
unacceptable extent; but in chronometers where 
constancy of performance is of prime importance 
a fusee, or spirally grooved conical pulley, is em- 
ployed as part of the mechanism to keep the 
driving force invariant. In the case of pendulum 
clocks an increase of amplitude ordinarily means 
an increase in period of the pendulum due to the 
circular error, that is, the departure of the actual 
from a cycloidal path. Some makers give the 
pallets a slope other than cylindrical, resulting in 
a partial recoil, to check the increase in ampli- 
tude. Also, it ‘is claimed by some that the sus- 
pending springs can be designed for a particular 
pendulum so that it is more nearly isochronous. 
It must not be thought, however, that either of 


‘these methods is perfect. 


The hands of a clock should be well balanced, 
especially in tower clocks, as any unbalance adds 
to or subtracts from the drive. Wind pressure on 
the hands of a tower clock has a similar but more 
variable effect. Setting the hands of a clock 
forward or backward does this also; hence such a 
correction should be executed while the impulse 
is not being given; in other words it should be 
done at the instants when a tick is heard. 

If a clock is restarted after it has been stopped 
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to change the regulation, the pendulum should be 
given the same amplitude as it had before. If the 
amplitude is made different from its natural 
steady value, that steady value will be restored 
in a manner that may surprise even a physicist. 
If the position of the pendulum is plotted as a 
function of time, and an envelope is drawn to the 
maximums, this envelope will be found to oscil- 
late about the final steady value in decreasing 
amounts, much like a damped oscillatory motion. 
A seconds pendulum assumes its steady final 
value in somewhat less than a day; a shorter 
pendulum requires less time. 


This statement has been checked several times by the 
writer. An especially interesting example was furnished by 
a tower clock which the sexton occasionally forgets to 
wind. In restarting the pendulum, he used to give it a 
large swing; the amplitude then died down, not only to 
less than the steady value but to less than the least that 
would allow the escapement wheel to turn, and the clock 
would stop in about 10 minutes. When he was taught to 
increase the amplitude from zero by repeated gentle pushes 
by the finger, until the escapement operated, there was no 
further trouble. 


On account of the desirability of not interfering 
with a pendulum, a good many prefer to do the 
final regulating of a clock by dropping appro- 
priate weights on a little shelf attached to the 
pendulum.‘ 

In order to find out some of the numerical 
magnitudes involved in the operation of a clock, 
| experimented upon a very good Seth*Thomas 
clock, with a driving weight of mass 2500 g, and 
equipped with a deadbeat escapement. The clock 
had been idle for some time and its oil was very 
gummy. The amplitude of the tip of the pendu- 
lum was 1.5 cm. The driving weight was replaced 
by variable laboratory weights, and it was found 
that the clock would just run with a weight of 
2000 g. After the movement was well oiled, the 
minimum weight necessary for operation was 
about 700 g, and the amplitude corresponding to 
2500 g was 2.6 cm. The next step was to de- 
termine the amplitude corresponding to values of 
the weight W ranging from 800 to 4200 g, waiting 
one-half day in each case for the amplitude to 
assume its steady value. It was found that the 
square of the amplitude was exactly proportional 


* Full details are given by Grimthorpe and by Glazebrook, 
reference 1. 
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to (W—400); the 400 g is probably the amount 
necessary to balance all frictions in the movement. 

The maker’s weight (2500 g) having been re- 
stored to its position, an attempt was made to 
measure the force exerted by an escape tooth 
against the impulse face of a pallet ; this force was 
about 0.7 g wt. The radius of the escape wheel 
was measured, as well as some other lengths; it 
was estimated that the travel of the pendulum in 
the whole duration of an impulse was about one- 
half of the swing from left to right. From these 
data, the work of each impulse was calculated to 
be 2.5 ergs. The maximum potential energy of the 
pendulum is 3kA?*, A being the amplitude and k 
the restoring force per unit displacement. To find 
the decrement, three screws were removed from 
the four which fasten the movement to the back 
of the case, and the movement was tilted some- 
what to one side, so that the pendulum could 
swing without allowing the escape wheel to oper- 
ate. The pendulum was subject, therefore, to all 


Fic. 3. Two types of recoil escapement: Jeft, old form; 
right, ‘‘ American type.” 
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the resistances that are present in a running 
clock, but was not receiving any impulse. In 720 
swings, the amplitude decreased from 2.14 to 1.78 
cm. From this it was easy to calculate that any 
swing was less than the preceding by 0.025 per- 
cent, which value may be represented by f. Thus 
any amplitude is equal to the preceding one 
multiplied by (1—f) ; and the potential energy at 
one maximum is less than the preceding by kA?f. 
This loss was calculated as 2.7 ergs. In view of the 
uncertainties in some of the measurements in- 
volved, the agreement between this value and 
2.5 ergs was considered fairly good. At least, the 
implied proportionality of the square of the 
amplitude to the net driving force is substanti- 
ated by this direct experiment on a deadbeat 
escapement. A similar experiment with a recoil 
escapement did not reveal any such propor- 
tionality. 

A number of factors affect the period of a clock 
pendulum. Changes in temperature affect its 
length ; the compensation for this change, as well 
as the corresponding one for balance wheels, is 
well understood. The buoyancy of air on the 
pendulum affects its net weight, and can be 
compensated by attaching a properly designed 
mercury barometer to the pendulum. Air re- 
sistance, too, is variable, but cannot be perfectly 
compensated ; air resistance and buoyancy can be 
eliminated by hanging the pendulum in an 
evacuated case. Grimthorpe devotes several pages 
to these two effects, and Glazebrook gives the 
results of more recent work on the subject; both 
are agreed that the cylindrical bob is to be pre- 
ferred, the lenticular bob having an unduly large 
skin friction. If the case is just large enough to 
accommodate the clock, the effect of air mass 
swept back and forth by the pendulum may be 
much larger than would be suspected. It seems 
that direct experimental evidence on the effect of 
various pendulum shapes and sizes of case is 
difficult to interpret. 

A large clock should be firmly secured to a 
masonry wall, but not to an outside wall. Smaller 
clocks that stand on a shelf are usually not very 
firm. When the driving weight has descended to a 
point at which the supporting string is nearly 
equal in length to the pendulum, the weight is 
seen to oscillate in unison with the pendulum, 
and the clock runs a little slow until the string is 


re 
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considerably longer than the pendulum. Further- 
more the clock is slowed down if the pendulum 
has torsional oscillations. The twisting motion is 
due to one or both of two causes: (i) the crutch 
may deliver its force to the pendulum rod at a 
point not vertically below the point of suspen- 
sion, and perhaps not in the direction of the 
natural motion of the pendulum; (ii) if the bob 
is not symmetrical with respect to the plane of 
this motion, the air resistance is a force outside of 
this plane, and will exert a moment that twists 
the pendulum to and fro. Finally, escape wheel 
and crutch should have the least mass possible, 
otherwise the shock of the impact gives the 
suspending spring an S-shaped bend, shortening 
the length of the pendulum momentarily; and 
while the crutch is pressing on the rod, it lessens 
the effective length of the pendulum. 

The clock should be strictly in beat, as other- 
wise the impulse is not symmetrically applied 
with respect to the zero position. If it is unde- 
sirable to tilt the clock to bring it in beat, the 
crutch may be bent; some clocks have an ad- 
justment on the crutch for this purpose. When 
testing for equality of beats, the pendulum should 
be swung at the minimum possible amplitude, as 
under these circumstances any inequality is more 
readily detected. 

We now derive an equation, a direct result of 
Airy’s theorem, that indicates how the effect of 
the impulse on the period may be reduced. The 
derivation is not rigorous, but it is simple. It was 
suggested by an article by W. P. White,® and has 
been elaborated to fit the case of the deadbeat 
anchor escapement. The geometrical construction 
employed cannot be adapted to take the decre- 
ment into account, but if the decrement is small, 
it is believed that the results of the derivation are 
substantially correct. In the Dictionary of 
Applied Physics, equations are given for the effect 
of an impulse on the period and on the amplitude. 
These are analytically derived, taking into ac- 
count the decrement; in terms of these expres- 
sions, an analysis of several escapements is given. 
The derivation in the present article assumes that 
a constant horizontal force F applied to the 
pendulum, beginning when it is at a position B 
(Fig. 4) and terminating at a position G. We 


5W. P. White, J. Opt. Soc. Am. 8, 767 (1924). 
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Fic. 4. Modification of reference-circle diagram, to illus- 
trate effect of an impulse. 


make use of the fact that if, in addition to the 
restoring force per unit displacement k an addi- 
tional force F is applied, the effect is to leave the 
period T unchanged but to shift the zero point in 
the direction of the force through a distance 
s| = F/k ]. For the Seth Thomas clock previously 
mentioned, s is 0.00034 times the double ampli- 
tude, so that the radii OB2, O’ Bz, O’G» are practi- 
cally the same. The decrement would not allow 
the body actually to travel as far as A.’ ; however, 
in the steady state, the impulse just makes up for 


the losses, and the point does arrive at Ag, 
[OA2=OA? |. 


Consider a body performing simple harmonic motion, 
beginning at a point A, and with an amplitude OA,, and 
let us employ the circle of reference, as is customary in 
discussions of such motion. When the body has arrived 
at a point B, the force F is applied, and the zero point is 
shifted through the distance s, from O to O’. The reference 
point now moves about O’ as center with radius O’ Bz, until 
the body arrives at some point G. The zero point now shifts 
back to O, and the reference point moves with radius OG2 
down to the path of the body, reaching it at some point 
A,’. Careful analysis of Fig. 4 shows that O’B:—OB, 
=(osin8)/p?, @ being the acceleration produced by the 
force F. T is the natural period of the free pendulum, and 
p=272/T. Even if B is nearly 90°, the difference between 
the two radii is small, but obviously it is better to keep B 
small; that is, the impulse should be applied near the center 
of the swing. Similarly, O’B2—OGz is very small, especially 
if G is near the center; that is, the impulse should terminate 
shortly after the body passes the center. 

The derivation may be a little clearer if the sector 
B,0'G: is shifted to the left by the amount s, so that O’ 
coincides with O (Fig. 5). It is clear from either Fig. 4 or 
Fig. 5 that the change of radius from OB» to O’B2 or OB,’ 
is as though time had been set back by an interval 0;/7 
and has to be done over again. On the other hand, the shift 
from the second to the third radius is as though a time 
interval 62/7 had been skipped. Thus the actual time of 
travel from left to right exceeds $T by (0:—62)/a; and the 
time required for travel from left to right and back again 
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Fic. 5. Same as Fig. 4, with sector B20’G: shifted to the left 
by an amount s, so that O’ coincides with O. 


exceeds T by 2(6:—62)/x. Now 


6:=scosB/OBs, 62:=s cosy/OG2, 


and OG:—OBz is positive but negligible; hence @:> 42. 
Then 
AT =2(6, —62)/% =2s(cosB8 —cosy)/Ar, 
= —4s sin}(8+~) sin}(6—y)/Az, 
=2s(y—8)3(y+8)/Az, 


where we have set OB2=OG2=A, and have assumed that 
8 and y are small; the advantage of keeping these angles 
small has been pointed out above. For 3(8+7) we may 
substitute OB/A or OG/A. To complete the derivation, 
we should substitute for s its value F/k. Since we are 
dealing with a pendulum, which actually travels in an arc, 
the former expression for s may be slightly altered. In the 
case of a simple pendulum of length L, the restoring torque 
per unit angular displacement due to gravity is LMg, 
where M is the mass of the bob. If we put R for the moment 
of the force F, the angular shift s/L is R/MgL. Then, 
remembering that R=FL, and that A=La if @ is the 
angular amplitude, 


AT =2F(y—8)OB/(MgL1ro*). 


This equation suggests several things that can 
be done to reduce the effect of the impulse on the 
period, that is, to reduce AT. 


(1) If the gear train is well constructed and properly 
lubricated, and if the air resistance to the motion of the 
pendulum is very small, a small impulse will keep the clock 
going. Hence R and the shift s are both small; thus the 
three radii in the construction of Fig. 4 are nearly equal. 
If the decrement can be reduced to a very small value, 
the foregoing treatment will more closely approximate the 
full analytical treatment. 

(2) Not only should the impulse be applied near the 
center of the motion, but its duration should be sym- 
metrical with respect to the zero point; that is, 8 should 
be equal to y. The full analytical derivation of Airy’s 
equation shows that if this symmetry exists, the decrement 
does not affect the value of T. 

(3) Since AT is inversely proportional to the square of 
the amplitude a, a large amplitude would seem preferable 
to a small one. However, a large amplitude means more air 





342 PAUL F. 


resistance and a larger circular error; therefore a com- 
promise must be struck. Three to four degrees seems 
generally to be considered a satisfactory value, though 
some clocks perform well on as little as 1.5°. 

(4) A heavy pendulum is better than a light one, pro- 
vided that the heavier bob does not also have greater air 
resistance. Therefore the bob should be made of the densest 
material possible. 

(5) Finally, a long pendulum is better than a short one. 
Some tower clocks have 2-sec pendulums (about 4 m long). 
Whether the advantage of a long pendulum was really 
understood years ago, or whether the early house clocks 
copied the tower clocks, is probably not known. At any 
rate, we know that grandfather clocks were in great favor 
for a long time. 


Obviously Airy’s theorem applies equally well 
to balance-wheel and hair-spring combinations, 
suitable changes being made in the equations. 
Airy’s publication marked the beginning of the 
most rapid strides toward precision clocks. One 
corollary of it is that, except for the brief impulse, 
the pendulum should be quite free of any force 
except that of restitution; it will be found that 
much of the literature bears titles including the 
phrase “free pendulum.” It may be noted here 
that the German word for escapement is 
Hemmung, meaning a restraint. The crown wheel 
and foliot balance was a restraint intended to 
make the driving weight descend slowly and with 
constant speed. Perhaps the earlier clock builders 
thought of the gear train as the real timekeeper. 
Airy’s work rather emphasized the notion that 
the pendulum is the essential timekeeper, and 
that the gear train is merely the counting mecha- 
nism. In certain precision clocks this idea is very 
obvious, the pendulum being mounted in a sepa- 
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rate housing; an electrical signal, timed by the 
pendulum, is sent regularly to the counter. 

It may be well to remind ourselves that simple 
harmonic motion is the only type of oscillatory 
motion whose period is independent of the ampli- 
tude, and is the only type in which a properly 
applied impulse can replace energy losses without 
affecting the period. That is why it is so necessary 
to have the pendulum free. Several escapements 
have been invented with the idea of eliminating 
certain restraints, but were found to introduce 
new restraints which were sometimes more seri- 
ous. It may be remembered that Huygens at- 
tempted to get rid of the circular error by causing 
the pendulum to follow a cycloidal path ; actually, 
escapement errors were thereby introduced which 
were worse than the circular error. 

Whereas a number of precision clocks have 
been built, following the general traditional lines 
except for new designs of escapements, and 
furnishing enviable records of performance, the 
modern crystal clocks seem free from the ail- 
ments that beset mechanical clocks. It is, how- 
ever, beyond the scope of this paper to describe 
these; there has been no pretense at a complete 
history nor a full discussion of the more precise 
clocks. The chief aim has been to enumerate 
most of the essential steps in the development of 
better mechanical clocks, and perhaps to suggest 
to practical physicists how to get better results 
from the clocks under their care. For a fuller 
treatment, and for discussions of the many finer 
points not mentioned, the reader is referred to the 
works listed in reference 1. 


When people are really frightened they are less likely to act rationally than when they 
are serene. And we believe that rational behavior is essential to a successful approach to all 
our problems. But what are we to do if the facts of the situation really are frightening? Shall 
we then refrain from talking about these facts or facing the truth? I believe there is no way 
to deal with this greatest threat of modern war to our security than to face the facts, as 
calmly and courageously as we can, but nevertheless to face them squarely and honestly, and 
try to work out solutions to our problems in a rational way.—E. U. Conpon (1948). 
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An Oscilloscope Used to Multiply or Divide 


J. G. SKALNIK 
Yale University, New Haven, Connecticut 


HE position of the spot on the screen of a 
cathode-ray tube is a function of the 
potential differences EZ, and E, (Fig. 1) applied to 


Fic. 1. Basic oscilloscope 
connection. 


=1 


the deflecting plates. For values of EZ; and Ez 
such that their product is constant—that is, if 
E\E,=k;—the spot will lie on a rectangular 
hyperbola. The origin of the hyperbola corre- 
sponds to the spot position when £, and £2 are 
zero. Similarly, the spot will lie on a straight line 
through the zero position of the spot for values of 
E, and E» such that E,/E2=ke. Thus, several 
hyperbolas and straight lines may be traced on a 
transparent sheet (Fig. 2), which is mounted in 
front of a cathode-ray tube and calibrated. Then 
the position of the spot may be interpreted as 
indicating the product or the ratio of E; and Eo. 

If the horizontal and vertical sensitivities of 
the particular tube used are accurately known, 
the numerical value of the product k; that a given 
hyperbola represents can be computed, and thus 
no other calibrating process need be employed. A 
similar statement can be made concerning the 
straight lines used for division. Values of EZ; and 
FE, along the x and y axes, respectively, and 
corresponding values for k; and kz on the hyper- 
bolas and straight lines of Fig. 2 illustrate this 
means of calibration. 

A position of the spot along the x or y axis will 
represent the case of E:E,=0. A spot position on 
the y axis will also represent E:/E2=0, while a 
spot position on the x axis will represent 
E,/E,=0. 

If the vertical sensitivity in centimeters per 
volt is different from that shown, as a result of 
using a different oscilloscope or of using the last 
stage of internal amplification as a d.c. amplifier, 
the value of k; for a given hyperbola and value of 


k, for a given straight line would be changed 
accordingly. 

When the last stage of a commercial oscilloscope 
is used as a d.c. amplifier, the normal horizontal 
and vertical position control is usually retained 
and thus the origin (E,=0, E2=0) can be made 
to correspond to the lower left-hand part of the 
screen, as shown in Fig. 2, to give a larger 
viewing area. 

All alternating voltages are converted to direct 
voltages of peak a.c. value before being multiplied 
or divided. Suitable adjusting constants will give 
the value of rms products or ratios if the 
original a.c. waves are either sinusoidal or of 
known wave form. The basic connection is shown 
in Fig. 3. 

This method might be used in the laboratory 
to give a fairly accurate and rapid check on the 
amplification of an audio amplifier as a function 
of frequency, plate load, screen voltage, or other 
variable. The input voltage and output voltage of 
the unit under test will correspond to E; and Ei, 
respectively, of Fig. 3. For more accurate results 
when testing a high gain amplifier, the above- 
mentioned output voltage should be applied to a 
calibrated attenuator whose output is the FE, of 
Fig. 3. Thus £; and E2 can be made to be of the 
same order of magnitude, and the spot on the 
screen will be in a region of greater accuracy. 


Zero position 
of spot 


Fic. 2. Viewing screen showing method of calibration. 
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Fic. 3. Basic connection for use with alternating voltages 
or currents. 


The method could also be used to give a visual 
indication of change in magnitude of an impe- 
dance. The voltage -; of Fig. 3 would be the 


voltage across the varying impedance, and EF, 
would be the voltage across a resistor which is 
inserted in series with the varying impedance. 
The voltage across the resistor is directly pro- 
portional, of course, to the current through the 
series circuit. Since impedance is defined as the 
ratio of voltage to current, the ratio E,/E» and 
thus the spot position would be a direct indica- 
tion of the magnitude of the impedance under 
observation. 

There are, of course, many other applications 
in which the accuracy obtainable would be suffi- 
cient to justify the use of this method. 


Equipartition of Energy in a Problem of Impact 


H. M. Dapourian 
Trinity College, Hartford, Connecticut 


ROFESSOR W. W. Sleator’s paper! on “A 

New Solution of an Old Problem” prompts 

me to discuss the following problem, which raises 
a number of interesting points. 


A locomotive scoops up 1500 lb of water from a trough 
500 yd long, while moving at the rate of 50 mi/hr; find 
the additional force of traction which the locomotive must 
apply in order to keep its velocity constant. 


I ask my students to solve this problem by 
considering force as the time rate of change of 
momentum as well as the space rate of change of 
energy. Later they return puzzled and curious, 
because they find the force obtained by the mo- 
mentum method to be exactly twice that ob- 
tained by the energy method. 

In subsequent discussion of the problem, the 
following points are brought out. 

(i) The locomotive imparts momentum and 
energy not only to the water which is captured, 
but also to the rest of the water in the trough. 
Since no information is given about the latter, the 
problem should be so interpreted as to require 
only that part of the force which gives momentum 
and energy to the captured water. 

(ii) The work done by the force gives the 
captured water kinetic energy of mass motion 
with the locomotive, energy of agitation within 
the tank, potential energy due to the elevation, 


LW. W. Sleator, Am. J. Physics 15, 474 (1947). 


and heat energy due to friction and partial 
elasticity of impact. 

(iii) The results obtained by the students show 
that the work done is equally divided between the 
kinetic energy of mass motion with the locomo- 
tive and the other forms of energy. 

(iv) Because there is only one type of linear 
momentum, whereas there are a number of forms 
of energy, the chances of overlooking relevant 
factors are smaller when the impulse-momentum 
equation is used than when the work-energy 
equation is used. In fact, impact and collision 
problems cannot be solved without using the 
former equation, except when the impact or the 
collision is perfectly elastic. 

(v) In using the impulse-momentum equation 
the students have assumed (perhaps without 
realizing it) that capture is equivalent to inelastic 
impact. 

In order to justify the assumption mentioned 
in point (v), consider first the case in which a 
small particle is captured. Let v, m, and e denote, 
respectively, the velocity of the locomotive, the 
mass of the particle and the coefficient of restitu- 
tion between the particle and the walls of the 
tank in which it is caught. Then the forward 
momentum (relative to the ground) of the particle 
immediately after the mth impact with the back 
and front walls of the water tank are mv(1+e?""") 
and mv(1—e"). The intervals of time AT; and 
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AT? of forward and backward motion in the tank 
are le!—®"/y and le~*"/v, where / is the length of the 
tank. Therefore the time average of the momen- 
tum for the mth round trip in the tank is 


m,AT,+m.AT>2 
BT ekaTs 


} 


mv(1 —e2"—!)e!-2"4 mo(1 —e2")e-2" 





=mv, 
e1—2n4 e—2n 

a result that is independent of e. In fact, this 
result can be obtained, even more briefly, without 
considering e at all. Hence the average momen- 
tum for any round trip is the same as the 
momentum imparted in the case of perfectly 
inelastic impact. 

This result is valid whether the impacts are 
normal or oblique, since the relation between the 
normal components of the velocities of incidence 
and reflection of an oblique impact is the same as 
that between the velocities of a normal impact. 
Under all conditions, therefore, capture is equiva- 
lent to inelastic impact, so far as the average 
momentum of the particle is concerned. 

In the case of a single particle for which e+0, 
momentum is imparted intermittently during the 
short periods of impact; consequently, force is 
applied intermittently, in opposite directions 
during the impacts at the back and front walls of 
the tank. 

If a continuous stream of particles enters the 
tank, the momentum imparted and, conse- 
quently, the force applied tend to become con- 


tinuous, not only because of the continuous suc- 
cession of impacts, but also because collisions 
among the particles in the tank become more 
prevalent than impacts against the walls, soon 
after water begins to enter the tank. This is 
particularly true if the column of particles is 
much longer than the tank, as is the case in the 
problem under consideration. 

Therefore, in the case of a continuous stream of 
water, capture may be regarded as being equivalent 
to inelastic impact, without reservations; and 
the force is therefore obtained from the equation 


F=mv/t=mv"/s, (1) 


where v is the velocity of the locomotive, m and s 
the mass and the length of the column of water, 
and ¢ the interval of time during which water 
enters the tank. 


By work-energy considerations, we have 
F=(}mv’?+W)/s, (2) 
where W denotes that part of the work done by 
the force which goes into energy of agitation in 
the tank, potential energy caused by elevation, 
and heat energy caused by friction and partial 
elasticity of impact. The value of W can be de- 
termined only by comparing Eqs. (1) and (2), 
which results in W=4mv*. Therefore the work 
done by the force is equally divided between kinetic 
energy of mass motion with the locomotive and all 
the other forms of energy. 
Putting the numerical data of the problem in 


the equation F=mv?/s, we obtain 168 lb for the 
force. 


Large-Scale Digital Calculating Machinery 


P. LE CorRBEILLER 
Harvard University, Cambridge, Massachusetts 


HE mathematical description of physical 
phenomena, which we as physics teachers 

are mainly concerned with, has undergone in the 
last few centuries an extraordinary development. 
From its first beginnings, the law of falling bodies 
discovered by Galileo, it has grown into the 
inconceivably large collection of quantitative re- 
lationships which constitute present day physics 
and engineering, from the tensor equation of 


gravitation to the empirical relations found in 
mechanical handbooks. These range all the way 
from partial differential equations with boundary 
conditions to simple monomial expressions, and 
in every case their final object is to provide the 
user with the numerical value of some physical 
quantity, after the numerical values of ail the 
relevant data have been specified. 

This object is attained as the result of one, or a 
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chain of many, mathematical operations. In the 
simpler cases we carry out the operation, 12+-9 or 
4X7, in our head. In order to add 12.736 and 
9.055, or to multiply 4.32 by 7.69, most of us will 
use pencil and paper. Pencil and paper constitute 
the simplest type of calculating machinery. From 
pencil and paper to the M. I. T. Differential 
Analyzer or the Harvard Automatic Sequence 
Controlled Calculator there is a difference in size, 
complication, and power, but not in kind. 

Next in order of complication, some types of 
calculating machines with which we are all 
familiar are numerical tables, slide rules, nomo- 
grams, and adding machines. Most numerical 
tables register the result of the computation of 
more or less elaborate functions of one variable, 
such as ()!, n?, logion, sinn, tann, e”, to list the 
most commonly used. A slide rule gives the 
product of two numbers as the result of me- 
chanical adjustment (by hand) and visual inter- 
polation of the data and result; it may also 
provide us with the above functions. A nomogram 
usually gives the value of a monomial expression 
in several variables, as the result of one or several 
uses of the straight edge and of visual interpola- 
tion again. An adding machine is helpful to meet 
the deadline for final grades set by the Dean’s 
office. 

We can see that some of these familiar devices 
are of the digital type (the tables give us their 
answer in the form of a number of so many 
digits; the adding machines also operate with 
digits) while others are of the graphical or visual 
type. The latter may be improved in countless 
ways, and one of the most elaborate examples of 
their class is the M. I. T. Differential Analyzer, 
which fills up a good sized room, and in which the 
final organ is a pencil that traces out the curve 
satisfying the conditions fed into the machine. 
The machines of the digital type can also be im- 
proved, apparently without limit; the Harvard 
Calculator is a good example of their present 
state of evolution, and it was to machines of this 
type that a symposium held at Harvard Uni- 
versity in January, 1947, was devoted. 

There exist at present about ten large-scale 
digital computing machines, where the epithet 
“large,” used somewhat loosely, points to ma- 
chines the size of a central office telephone switch- 
board, capable of handling numbers of, say, 10 to 
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perhaps 40 digits. All these machines are me- 
chanical and electrical. Some are non-electronic, 
making use of punch cards or punched tape and 
of electromagnetic relays; others are electronic, 
using vacuum tubes, cathode-ray oscillographs, 
and the like. The design of one of these machines 
represents the teamwork of one or two dozen 
specialists for at least a couple of years, and the 
cost of its construction runs into six figures. Well 
before the machine is finally built, the designers 
have in mind an entirely different principle and 
twenty improvements of detail which, when in- 
corporated into the next type, will, they tell you, 
make the present one ‘look like peanuts.’ 

Three hundred and thirty-six people of this 
persuasion responded to the invitation extended 
by Howard H. Aiken, Director of the Harvard 
Computation Laboratory, to attend a four-day 
symposium at Harvard in January, 1947. The 
official contributions of some forty members to 
the eight morning and afternoon sessions have 
been assembled into one impressive volume.! The 
unrecorded conversations at the symposium were 
no less informative and beneficial. 

It would be a mistake to think that this volume 
of Proceedings is of interest to the specialist only. 
Several of the contributions, for one thing, are 
sufficiently broad in character to provide an 
excellent introduction for the classical physicist. 
As to the special ones, almost every contributor 
was trying to prove that some particular scheme 
had a logical advantage over other ways of doing 
the same thing, and thus presented his argument 
with unusual clarity. We would think that many 
a reader will catch the contagious enthusiasm 
which permeated the reunion and upon finishing 
the book will have the feeling (very unjustified in 
the case of this observer) that he has become 
quite competent in the design of large-scale auto- 
matic machinery. 

To give at least one example of the type of 
questions which were discussed at the symposium 
we might mention briefly the question of memory. 
Why do most of us use pencil and paper to 
multiply 4.32 by 7.69? Because we do not trust 
our memory to retain the intermediate products 
3888, 25920, 302400, which will have to be added 

1 Proceedings of a symposium on large-scale digital calcu- 
lating machinery, Harvard University Press, 1948; alterna- 


tively known as Vol. XVI of the Annals of the Computation 
Laboratory of Harvard University. 
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to give the final result. The computation, to 
eighteen figures, of the Bessel function Jo(x) for 
«= 1.427, is a rather longer process but entirely 
similar. The results of a great many auxiliary 
calculations have to be stored away in the ma- 
chine’s ‘“‘memory,’”’ to be used later in some 
auxiliary calculations of higher order, until the 
final level of calculation is eventually reached. 
Moreover, if the function sinx appears in a cer- 
tain problem, the designer may have the machine 
compute sinx, to the number of digits needed, for 
every value of x which will come up, or he may 
prefer to have the machine ‘‘memorize”’ the value 
of sinx, to ten digits let us say, for all values of x 
from 0 to 1.570 by steps of 0.001. Thus an essential 
part of any digital calculator is its memory, and 
there seems to be a feeling among experts that our 
knowledge of how to give a machine a really large 
memory is lagging behind our knowledge of how 
to make the machine perform calculations. Dis- 
cussions of memorizing devices were among the 
most interesting of the symposium. 

A calculating machine has rather obviously 
been likened to a mechanical “brain,’’ and the 
quite intricate relation of its memory to its 
capacity for computing difficult things, that is, to 
its gift for arithmetic, is only one of the points on 
which the designing of large-scale calculators may 
conceivably add to our understanding of psy- 
chological problems. The potentialities of the 
machine are already much greater than laymen 
can imagine, and some of the experts do not see 
any limit, literally, to what machines might be 
able to do some day. At one time the writer heard 
Professor Aiken addressing a group of very bril- 
liant non-physicists. What struck him most in 
the discussion which followed was that to mem- 
bers of this group a machine was by definition a 
mechanical device that could behave in only one 
way. Of course this is true of many ordinary 
machines; an automobile engine, for instance, 


burns gas and delivers torsional power at its 


shaft. But this is not true of an all-purpose lathe, 
which can be set to perform a number of quite 
different operations, and it is eminently untrue of 
a large-scale calculator. In one type of such a 
machine, the succession of several hundred ele- 
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mentary operations which the machine must go 
through to compute, let us say, Jo(1.427) is coded 
on a punched tape about ten yards long. The 
same machine would next be used to compute 
Jo(1.428). But one might say, to meet the 
thought of outsiders, that when another punched 
tape is used to tell the calculator how to compute, 
let us say, the air resistance which a certain shell 
meets at a specified speed, with air at specified 
temperature, pressure, and humidity, it is really 
a second machine which is doing this second job, 
a machine quite different from the one which 
tabulated Jo(x). Of course when designers speak 
of Harvard’s calculator as a machine, they have 
in mind a large unit of precisely such versatility ; 
but itis this versatility which appears to outsiders 
as ‘‘almost human,” and which some would even 
be ready to proclaim impossible. 

Now calculators might very well in the near 
future become even more “‘intelligent’’ than that. 
It is perfectly possible for a machine to decide, 
upon arriving at a crossroads, which is the best 
way to take, according to circumstances. The 
automatic telephone does just that: upon being 
fed the data, LA 7—-6726, it either connects you 
with this subscriber, or, if the line is busy, gives 
you a busy signal, or, if the number is not in 
service, connects you to an operator who asks 
(automatically) ‘‘What number do you want?” 
If then the calculator, at a certain point, can 
choose the correct way among several possi- 
bilities open to it, it might also conceivably punch 
its own code tape for the next twenty operations 
or so, taking account of circumstances. Con- 
ceivably the calculator might do this faster and 
more accurately than its present mathematical 
attendant; just as voltage stabilizers operate the 
controls of a hydroelectric plant better than any 
man could. 

Automatic calculators, as well as servo-mecha- 
nisms, automatic telephony, group theory, and 
symbolic logic (all subjects more or less touched 
upon during the symposium) are part of the 
civilization of A. D. 1980 which is taking shape 
before our eyes. It is both exciting and worth 
while (whichever you wish to put first) to learn 
from its builders. 





The Future of Science in Liberal Education 


Eart J. McGratu 
State University of Iowa, Iowa City, Iowa 


O try to foretell the future place of science 
in liberal education is a hazardous under- 
taking. Science itself is a rapidly changing enter- 
prise about the future of which even scientists 
hesitate to make long-range guesses. It is con- 
ceivable that scientific developments will be so 
revolutionary as to cause sudden and basic 
changes in our way of life and in the traditional 
pattern of liberal education. At present liberal 
education itself is a highly unstable entity whose 
future is quite uncertain. Hence, to attempt to 
predict how these two highly complex variables 
are to be related in the years ahead is extremely 
risky business. Instead of acting as a seer and 
trying to forecast what will happen, | should 
prefer to try to describe what should happen if 
the scientific enterprise is to prosper, and if 
science is to enjoy the prominent position it 
deserves in liberal education. Whether it will 
happen, will, in my judgment, be determined by 
public opinion. 

In a democracy science can prosper only if the 
people can be made to understand what it is and 
what it does. Hence it seems to me that the out- 
look for science and for scientific education is 
dependent upon the interest which the members 
of the profession show, and the efforts they exert 
in educating the public concerning the essential 
nature of science, its purposes, its methods, and 
its potential contribution to the lot of mankind. 
Considering the present state of public unen- 
lightenment on these matters, the prospect is not 
as bright as one might wish. 


The Prospect for Science 


Some scientists, and others too, consider unwar- 
ranted any solicitude about the destiny of science 
and the education connected with it. Those who 
view the.matter sanguinely are reassured, first by 
the present strong position of scientific depart- 
ments in colleges and universities, and secondly, 
by what they consider a popular interest in 
science. Both reasons require examination. In the 
case of the first, the history of college education 
may be instructive. Even as late as fifty years ago 


the humanities reigned supreme. A large pro- 
portion of the curriculum in liberal arts was 
preempted by the ancient languages. Classics de- 
partments flourished and, most classicists felt 
secure in the nearly universal requirement that 
students study Latin or Greek. Now, however, 
these departments, once the sine qua non of a 
college, barely survive. The study of the classics 
has virtually ceased because teachers of the sub- 
ject became preoccupied with the intricacies of 
language and philology and with aspects of litera- 
ture, of interest to the scholar and the specialist, 
but of little concern to the common run of men. 
Consequently students and graduates no longer 
understand or appreciate the study of classical 
literature. The heyday of the classics has passed. 
A dominant position in the curriculum—current 
popularity—is no guarantee that the future of 
any subject is secure. 

Even though our culture has for some time 
been science-centered, the sciences have never 
yet occupied such a prominent position in higher 
education as the classics once did. Their popu- 
larity has, however, recently increased. The ex- 
traordinary accomplishments of scientists in the 
successful prosecution of the war, and the dra- 
matic effect of the atomic bomb, have tre- 
mendously increased the prestige of scientists and 
placed them in an influential position in society 
at large and in academic councils. To an unpre- 
cedented degree scientific research and instruction 
are being supported by administrative officers 
and endorsed by the whole academic community. 
Will this prosperity and this influence last? Only 
if, after the present halo-effect wears off, faculty 
members generally, students, and the public at 
large, can be made to understand science and its 
impact on modern life. 

The present apparent widespread interest in 
science outside educational institutions is also 
delusive. Contrary to a common view, Americans 
are little interested in science or in education in 
science. Ordinary people confuse the end results 
with the thing itself. An intense curiosity about 
a two-hundred inch telescope, atomic energy, a 
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modern streamlined train, or a tomato grown 
without soil, signifies neither real understanding 
of, nor concern for, science. 

The opinions of comparatively well-educated 
men and women reveal an extremely limited 
knowledge of science and its importance in the 
world today. A study by Professor Ralph 
Ojemann shows that the leaders in a culturally 
above-average community do not as a group con- 
sider research an important university function. 
Their statements show that they have little 
comprehension of the character and the value of 
scientific investigation. When asked to name 
sources of reliable information on a variety of 
topics only a few were able to do so. Students 
exhibited nearly the same lack of understanding 
—even those who had taken courses in science. 
Ojemann concludes ‘“These data tend to indicate 
that not only are present-day adult community 
leaders far from understanding and appreciating 
the scientific approach, but we seem to be de- 
veloping (in the schools) another generation with 
somewhat the same characteristics.’”! 

In the light of these facts it would seem that the 
fortunes of science and of the education which 
sustains it will depend to a large extent upon the 
type of instruction the schools offer the youth of 
today—the voters and the leaders of tomorrow. 
Unless they understand science they will not 
value and support it. They may damage or 
destroy it. It happened in Germany, it is probably 
happening in Russia, it could happen in an 
unenlightened democracy. 


Instruction for the Future Scientist 


In my judgment two types of science instruc- 
tion are required, one for the small percentage of 
the total college population who are destined to 
become the scientists of tomorrow, the other for 
students who intend to enter occupations in which 
an intensive study of science is not essential. As 
far as the first group is concerned, if there is to be 
an adequate supply of scholars, research workers, 
teachers, and administrators, a substantially 
larger number of exceptionally able students must 
be recruited and given the advantages of superior 
instruction. The number of promising high school 


*R. Ojemann, “The cultural understanding and ap- 


ion of the scientific approach,”’ Science 104, 335 
6). 
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graduates who do not continue their formal 
schooling is shocking. In some states only half the 
students in the upper tenth of their high school 
graduating classes receive college instruction, 
largely because they cannot pay for it, or because 
they are not encouraged to try to get it. Among 
those lost are doubtless many potentially great 
scientists. The resulting social waste and the 
injustice to individuals are inconsistent with the 
ideals and the welfare of a democracy. It is 
disappointing to observe fellow educators de- 
nouncing as attempts to ‘‘make race horses out of 
burros”’ proposals of the President’s Commission 
on Higher Education specifically intended to 
salvage some of America’s best brains. If the 
most promising scientific talent is to reach college 
classrooms a recruitment program and financial 
assistance are indispensable. 

But getting those with scientific aptitude to 
college is not enough. If their talents are to be 
developed to the maximum they must be identi- 
fied early and given preferential treatment. Such 
special handling will not herd them into a highly 
specialized curriculum composed preponderently 
of courses in science and related fields. Narrow 
education is at the basis of many current prob- 
lems and unfortunately the scientist shares this 
limitation with those in other walks of life. 
Usually he knows no more about their specialty 
than they know about his. Hence understanding 
of, and communication about, the common prob- 
lems and issues of our time are impossible. It is 
essential that prospective scientists study broadly 
in the various fields of knowledge in order that 
they may see their speciality in its proper re- 
lationship to all the other activities of life, public 
and private. 

The special treatment they receive ought to be 
of a more personal sort. It is no accident that 
many renowned men of learning, far more pro- 
portionately than one might reasonably expect, 
were educated in small liberal arts colleges with 
limited facilities and often staffed by men and 
women with little scholarly literature to their 
credit. A study of 2607 starred American Men of 
Science? reveals the fact that ‘‘most of the 
scientists were graduated from colleges which had 


2 Stephen Sargent Visher, Scientists starred in 1903-1943 
in American men of science (Johns Hopkins University 
Press, Baltimore, Maryland, 1947). 
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relatively few students. In proportion to their 
enrollment, the large institutions yielded few, 
several of them not one, subsequently starred 
scientist per five-thousand graduates.’’ Preoccu- 
pied with research and the teaching of advanced 
courses and burdened with hundreds of students 
in elementary classes, as the faculties in large 
institutions often are, it is not surprising that 
they fail to find and to encourage able youth 
toward a life of scholarship. The significance of 
this situation may be inferred from the results of 
the same study which show that more than half 
the scientists questioned mentioned the inspira- 
tion of a college teacher as the most important 
factor in stimulating them to high achievement in 
their chosen work. I am reminded of a friend, a 
professor of physics in a small institution who 
over a period of twenty-five years discovered a 
score or more brilliant students, encouraged them 
to undertake the serious study of physics, and 
sent them on to graduate schools where all 
acquitted themselves well, and many did dis- 
tinguished work. This man lacked some charac- 
teristics of the scholar, scholarly publications, for 
example, but through his consuming interest in 
the education of young men, he made a lasting 
contribution to the world of science. 

If able students in science, like their fellows in 
other fields, are to gain the maximum benefit from 
college education, they should be removed from 
the lockstep of routine treatment. Those of 
extraordinary ability and drive, can, and should, 
move along the road of intellectual development 
at a faster pace than is possible in the ordinary 
class. If they are to proceed according to their 
abilities and interests, would it not be well to cull 
them out and put them on their own under 
faculty supervision in some form of honors or 
tutorial program? Here again many of the small 
colleges have been more successful in gearing 
instruction to the capacity of the able student 
than have the larger universities, especially the 
public institutions in which it is sometimes felt 
that such a practice is too demanding of faculty 
time or undemocratically discriminatory. If an 
adequate supply of both teachers and research 
workers is to be produced, scientists themselves 
must earnestly attempt to increase the oppor- 
tunities for, and improve the quality of, scientific 
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education for superior students in the liberal arts 
college. 


Instruction in Science for the Layman 


But what about the thousands of students who 
come to these institutions with little knowledge 
of science and no interest in a scientific career? 
What kind of instruction should be provided for 
those who will occupy positions of leadership in 
other vocations and in civic affairs? Such persons 
today generally exhibit a woeful lack of knowledge 
about science and its place in modern life; yet 
they may determine the welfare and the charac- 
ter of science education. Perhaps in a simpler 
society this ignorance could be tolerated with 
impunity. It is a question now, however, whether 
in a democracy in which those who vote deter- 
mine not only their own welfare, but that of their 
neighbors as well, and where ignorance has such 
far-reaching, serious, and immediate conse- 
quences, such scientific illiteracy can be condoned. 

The significance of instruction in science as 
preparation for intelligent citizenship is apparent 
in the present benighted attitude of some mem- 
bers of the Congress of the United States, and 
other public bodies, toward scientific research 
and the place of science in our national life. Their 
actions and their statements reveal the fact that 
they really know nothing about science. Though 
information concerning the percentage of these 
persons who have had instruction in science is not 
available, many hold one or more degrees from 
our institutions of higher education. It may, 
therefore, be presumed that they have had some 
instruction in this branch of learning. And the 
graduates of the United States Military Academy, 
whose influence on policy governing the control 
of atomic energy is apparently great, have all 
studied science. The attitudes, actions, and opin- 
ions of many public men suggest that a knowledge 
of chemistry, physics, or mathematics is not 
necessarily accompanied by an understanding of 
science itself. Present restrictions on freedom of 
investigation and publication, and the introduc- 
tion of practical considerations of political ex- 
pediency into the work of the scientist will impair 
the search for new knowledge, frustrate the best 
scientific minds, and in the long run emasculate 
the scientific enterprise. There is abundant evi- 
dence, as Mr. Conant has said, that the custom- 
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ary instruction in science has not given the layman 
an understanding of scientific methodology and 
of the meaning of science in modern society. 

What kind of instruction will do this? I should 
like to suggest, for those who at most will have 
one or two courses in science, that a broader 
experience covering a wider range of material 
would better serve their needs than the con- 
ventional course in a single field. In the physical 
sciences, for example, such a course would include 
the subject matter of chemistry and physics and 
possibly geology, astronomy, and mathematics; 
in the biological sciences, zoology, botany, human 
anatomy, physiology, and bio-chemistry. 

Two considerations argue for a selection of 
topics from several subjects instead of the de- 
tailed subject matter of one. First, the non-major 
student has little use for the detailed information 
that the future specialist requires. For example, 
the first course in zoology beginning with a study 
of the protozoa and proceeding through the 
various phylla finally arrives late in the course at 
material related to the structure and functioning 
of the human body. Interesting and valuable as 
knowledge concerning the structure and behavior 
of the lower forms may be to the biological 
scientist, it is of relatively little value to the 
average citizen, compared to other scientific ma- 
terial that might help him to live more intelli- 
gently. But while learning unessential matter, he 
cannot learn the facts and principles needed to 
make reliable judgments about many aspects of 
human living. 


Intensive Treatment of Selected Topics 


What is required, therefore, it seems to me, is a 
course consisting of a limited selection of topics 
from several sciences and closely related to the 
needs of the average student. By average I mean 
a cross section of interests rather than mediocre 
ability. Such a selection will require the elimina- 
tion of much material that is often considered 
necessary to make the subject hang together. 
This is inconsequential. The contention, that 
unless the student studies the subject system- 
atically from beginning to end, he will not have a 
challenging intellectual experience, rests on in- 
valid assumptions. It must be immediately ap- 
parent to one who considers the matter that the 
logical organization of subject matter for in- 
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structional purposes was a late achievement of 
scholars. Such systematization of knowledge 
occurred long after the materials had been 
derived by a great number of minds working 
independently on isolated problems. As far as 
genuine intellectual work is concerned the stu- 
dent who tackles a scientific problem without the 
benefit of all the precedent knowledge, system- 
atically arranged by others, may have a more 
trying and stimulating experience than one who 
has the advantage of having the teacher or the 
textbook supply all the supporting information. 
Hence, a course organized around selected prob- 
lems, topics, or experiments from several sciences 
will not necessarily be easy for the student. And 
it has the advantage of introducing him to a 
broader range of knowledge than a single science 
does. 

The treatment of a few topics has the further 
advantage of making possible intensive study of 
scientific method itself. The general methodology 
of a discipline is not learned automatically by 
studying subject matter. It must be made a 
conscious and continuing objective of teaching 
and course materials and procedures must be 
accommodated to this end. It has been shown by 
a mathematician at Ohio State University, for 
example, that students may study demonstrative 
geometry under the conventional plan of learning 
theorems and working problems without gaining 
any real understanding of the nature of proof. 
They can learn how to manipulate certain mathe- 
matical concepts in such ways as to come out 
with the right answers and still remain quite 
ignorant of the methods of inductive and de- 
ductive reasoning, and quite incapable of using 
them in life situations which do not involve 
mathematics. ‘ 

What this means is that it is more important 
that the student gain an understanding of scien- 
tific method and its general applicability than 
that he learn scientific facts. But within limits 
both these objectives can be realized by the in- 
tensive study of a few well-chosen experiments 
which recapitulate the development of science. If 
in each instance the student sees the problem 
which the scientist faced, learns the methods he 
employed in gathering relevant data, repeats the 
experiment and procedures which originally 
proved or disproved a hypothesis, and learns how 
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the results advanced or retarded scientific knowl- 
edge, he will learn some scientific knowledge, but 
more important, he will understand the methods 
by which it was gained. This instruction must be 
supplemented by material which shows the im- 
pact of science upon modern life during the past 
four hundred years, if the next generation is to 
vote and act more intelligently with regard to the 
encouragement and support of scientific activi- 
ties. In a sense such instruction may be, to use a 
common phrase, ‘‘about science.”’ I see no valid 
objection to this type of instruction. I do not 
understand why scientists when they use the 
phrase should act as if they had just bitten into 
an apple with a worm in it. Colleges cannot hope 
to make scientists out of all their students. If our 
citizens are to deal intelligently with problems 
involving an appreciation of the importance of 
science in American life, and indeed if science is 
to develop unfettered by an uninformed public, 
such instruction must be an indispensible com- 
ponent of liberal education. 


Good Teaching in Science 


And lastly, a large number of scientists must be 
persuaded that such instruction is worthy of their 
time and effort. Present discrimination within 
institutions of higher education against members 
of the staff who teach such courses is grossly 
unfair. It is also, as I have attempted to show, 
unwise because unless the general public can be 
educated to be more intelligent about the scien- 
tific enterprise, everyone connected with it will 
suffer. That such discrimination is a very real 
thing is demonstrated by the following quotation 
from President Conant’s most recent annual 
report: 


The criteria for their appointments (teachers of general 
studies) will be different from those that pertain else- 
where in the faculty. It would be well if the source of 
the salaries of the teachers in general education could 
be assured from the income of a special fund. Otherwise 
the inevitable departmental pressures on a general 
budget will be apt (in lean years) to curtail the support 
of this new enterprise. I am hoping that over the next 
five years an endowment fund of ten million dollars may 
be raised for this purpose. The income of this fund 
should be devoted to paying the salaries of those engaged 
in the general education courses in Harvard College. 


In this connection the influence of the war has 
been most harmful. The short-sighted policy of 


EARL J.,McGRATH 


placing a premium upon research work in the 
universities and in government and business, at 
the expense of scientific instruction for under- 
graduate students will, unless reversed, in the 
long run have a disastrous effect not only upon 
scientists themselves, but upon American society, 

The consequent impoverishment of teaching 
personnel in science will further widen the gap 
between the accumulated scientific knowledge of 
our time and its constructive use for the good of 
mankind. A dean of one of the larger institutions 
of higher education in speaking of the loss of 
scientists from undergraduate teaching recently 
said: 


The chairman of the committee which planned the 
original course and gave the lectures during the first 
five years, was a physicist doing capable research and 
excellent teaching. He had a clear understanding of the 
purposes of our program and a high conviction of the 
significance of the work. These qualities made him a 
very effective leader of his scientific colleagues. Early in 
the war, he, and most of the others who had worked 
effectively in the course, went into research connected 
with the war effort, and they have remained in these 
laboratories. As a result the course was discontinued in 
the Spring of 1942, and since the end of the war has 
been taught by men on temporary assignment. 


An observer of grasshoppers gradually eating 
their way across the country and destroying 
themselves by continuing directly into the Eu- 
phrates River, has used this biological phenom- 
enon to illustrate the effect of compulsive reflex 
action uncontrolled by the discriminative powers 
of a well-developed brain. One who observes our 
present feverish activity in further increasing our 
knowledge without a commensurate effort to 
cultivate the wisdom necessary to use it for the 
benefit rather than for the destruction of mankind 
can hardly help wondering whether man has 
made good use of his highly differentiated nervous 
system. 

Can the colleges increase the general under- 
standing of our people sufficiently to guarantee 
the continued well being and growth of science 
and its wise use in improving the conditions of 
life on this earth? Will the scientists in these 
institutions consider such a program worthy of 
their efforts and support? Will they provide the 
necessary instruction? I do not know. Only 
scientists can answer these questions! 
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Retirement of Dr. Duane Roller as Editor 


\ ITH this issue of the AMERICAN JOURNAL 

oF Puysics the initiation of a new editor, 
which has been in progress for several months, is 
complete. Soon after the American Association of 
Physics Teachers was founded in 1931, it became 
clear to its officers and to many of its members 
that the functions of the Association could not be 
carried out in an effective and compelling manner 
unless some journalistic outlet for its activities 
were directly available. A journal was, therefore, 
founded in 1933 under the title The American 
Physics Teacher, published for the Association by 
The American Institute of Physics. 

At the same time Duane Roller was appointed 
Editor, initially for a three-year period. How well 
he has served the journal and the Association is 
evident from the fact that his three-year term of 
ofice was renewed four times and would have 
been extended still longer had it not been his own 
express wish that he be relieved of his editorial 
work. During this period of more than 15 years 
Doctor Roller brought the journal from the con- 
dition of a struggling youngster to that of a 
mature publication, noted particularly for its 
logical editing, for its uniformity and modernity 
of style, and for its clean copy. During this period 
the number of pages published annually in- 
creased from 130 in 1933 to 530 in 1947, and the 
circulation went from less than 500 to the present 
3300. His work in extending the scope and in- 
fluence of the publication bore fruit in 1940 when 
the name was changed to the AMERICAN JOURNAL 
or PHYSICS. 

The high quality of Doctor Roller’s editorial 


DuUANE ROLLER 


1 Am. J. Physics 15, 176 (1947). 
*4AAPT history and activities (July 1946), p. 13. 
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work was recognized by the American Associa- 
tion of Physics Teachers in the award to him of 
the 1946 Oersted Medal.! It is the opinion of 
many that such a recognition was long overdue. 

During his years as Editor not a single issue of 
the JOURNAL was missed and very few were late. 
That he maintained such a record both during 
the period of growth of the JouRNAL and through- 
out the years of the Second World War, when he 
had to devote much of his time to other urgent 
duties, and that he handed over the JOURNAL to 
his editorial successor as one of the important 
physics publications of the United States are 
themselves high tributes to his vision, enthusi- 
asm, ability and perseverance. The thanks and 
best wishes of the Association go with him to the 
wider field of work to which he now turns. 

The past and present policy of the JOURNAL is 
well expressed in the words of the retiring editor. 


[It] seeks to foster broad and comprehensive concep- 
tions of the place of physics in our modern culture. 
It provides material for improving all aspects of 
physics education, including the instruction of stu- 
dents who are specializing in physical science, and 
of those who study physics as part of a liberal educa- 
tion. Its articles and notes are intended to assist 
and encourage teachers in all types of institutions 
to keep abreast of the state of the science, and to 
engage continually in creative work of one kind or 
another. It seeks to promote a better understanding 
of the objectives and the difficulties inherent in the 
borderline fields of the science, and to enhance the 
realization that the philosophic, historical and socio- 
economic aspects of physics are integral parts of the 
scierice, the science itself being an integral part of 
our modern culture.? 


D. ELDER Tuomas H. Oscoop 
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The transfer of responsibilities to the new 
editor, Thomas H. Osgood, was made somewhat 
more complicated than might have been expected 
by the simultaneous change from a schedule of 
bimonthly issues to nine issues per year, be- 
ginning in 1948. According to present plans, five 
numbers will be published each year before the 
end of June, and four numbers in the months 
September, October, November, and December. 

Since a minimum period of several months is 
usually required from the date of receipt of a 
manuscript to the time of its publication, it is 
obvious that the first four issues of 1948 must 
have been planned long before the appointment 
of a new editor by the American Association of 
Physics Teachers on December 30, 1947. With 
the current issue, the sixth of the year 1948, the 
incoming editor makes his debut. He is grateful 
for this opportunity of expressing his apprecia- 
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tion of his predecessor’s counsel and guidance 
during the period of initiation, and of the 
privilege of working with him. 

Since 1944 Doctor Roller has received compe- 
tent help from the Assistant Editor, Joseph D. 
Elder, one of his colleagues at Wabash College. 
The JOURNAL suffers a serious loss, but not one 
without honor, by the appointment of Mr. Elder 
to the newly created position of Science Editor, 
The Harvard University Press, on July 1, 1948. 
During his four years as Assistant Editor of the 
JOURNAL he maintained a high standard of edi- 
torial practice, and proved to be a worthy team- 
mate to his chief. A successor has not yet been 
appointed. 

Manuscripts, criticisms, and comments re- 
ferring to editorial matters should, hereafter, be 
addressed to Dr. Thomas H. Osgood, AMERICAN 
JOURNAL oF Puysics, Michigan State College, 
East Lansing, Michigan.—T.H.O. 
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Atomic Theories—Ancient and Modern 


The conception of the universe consisting of an inane, 
that is, of emptiness, or, to use the more modern term, 
space, interspersed with discrete particles of matter, called 
atomi, or atoms, in kaleidoscopic motion throughout its 
infinite expanse, was well known to the ancient Greeks and 
Romans, and took a form surprisingly close to the modern, 
or near-modern, atomic theory. It was not, of course, 
scientifically elaborated nor was it supported by evidence 
that would be considered convincing by present-day 
standards. On the other hand, it was no mere happy fancy, 
like one of Mother Shipton’s prophecies which the course 
of subsequent events quite fortuitously proved to be 
substantially correct. Rather it was a closely-reasoned de- 
duction from observed phenomena of Nature. Leucippus 
and Democritus, Epicurus and Lucretius postulated atoms 
for precisely the same reason as we do: because they needed 
them to explain the nature and behavior of things they 
saw. Specifically, they felt the need of an hypothesis which 
would account for the apparent permanence of the visible 
world underlying the equally apparent phenomena of 
change. Previous ‘‘theories,”’ which may be divided roughly 
between the Monistic and the Pluralistic, on the basis of 
whether they took primary matter to be One or Many, 
had been found generally unsatisfactory in relation to 
one or the other of these sets of phenomena. The ancient 
atomic theory achieved a reconciliation between the two 
views: matter, the underlying physical reality, was indeed 


One, of one substance and indestructible, but it was also 
discrete, so that it could form the shifting compounds 
which comprise the clearly changing and often manifestly 
destructible objects perceptible to the senses. 

The ancient theory, credited to Leucippus (430 B.C.), 
developed by Democritus (420 B.C.), and given fullest 
expression by Epicurus (300 B.C.) and his Roman follower, 
Lucretius (99-55 B.C.), postulated a boundless void filled 
by an infinite number of atoms in ceaseless and, for 
practical purposes, random motion relatively one to 
another. Individually, the atoms were too small to come 
within the field of vision. Each was absolutely solid (pure 
matter, with no component of empty space); it was in- 
divisible (the Greek word atomos signifies something that 
cannot be cut); and it was indestructible. All were of 
identical substance. Atoms might differ from one another, 
however, in two respects: in shape and in size. Thus they 
might react variously in the endless succession of collisions 
to which they were exposed by virtue of their ceaseless 
motion. Some would carom off from one another and go 
separate ways. Others would become entangled with one 
another and form atomic compounds. 

Atomic compounds differed from each other in accord- 
ance with the shape and size of their component atoms 
(as a majuscule A differs from a minuscule m), with the 
arrangement of the atoms (as A N is a different combination 
from NA), and with the position of the atoms (as an up- 
right H is different from a prostrate one). When a com- 
pound attained sufficient size, it entered the field of vision, 
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DIGEST OF 


and the infinite variety among visible things was attribut- 
able to differences of these three kinds. Since space was 
assumed to be infinite in extent and atoms were assumed 
to be infinite in number and, if not infinitely, at least 
immeasurably diverse in respect to their own characteristic 
qualities of shape and size, there was practically no limit to 
the number and variety of compounds that might be 
formed or of patterns of motion that might ensue from 
successive collisions. Some atomic systems might become 
very large, large enough to comprise a whole world like 
the one we live in—the earth and the heavenly bodies 
with which it was thought to be surrounded. Whether in 
combination, however, or out of it, no atom ever lost its 
identity or underwent the slightest change in either of the 
two qualities which distinguished it from others, to wit, 
in shape or in size. There were no creased fenders in the 
unregulated cosmic traffic jam. Compounds were subject 
to dissolution, as well as to accretion, under the impact of 
repeated blows from without. When a compound was thus 
dissolved or when its fragments were reduced in size to 
the point where they could no longer be seen, men said 
that they had been destroyed, that they had ceased to 
exist. But it was not properly so: their substance continued 
to exist and in the course of time might re-appear in the 
same or different combinations. 

The theory became in antiquity virtually a monopoly of 
the Epicurean philosophical sect, with which it found favor 
because it seemed to provide a mechanistic explanation 
for the phenomena of the universe, apart from divine or 
other supernatural intervention. This was not entirely 
fortunate, for through keeping such company it fell into 
disrepute with rival philosophical sects, such as the Stoic, 
and with the Christian church, which dominated the 
thought of mediaeval times. In the interests of vindicating 
the free will of the individual against inexorable Necessity, 
Epicurus seems also to have contaminated the theory with 
a non-physical conception: that of a fundamentally down- 
ward motion of atoms through the void, modified by an 
occasional and unpredictable spontaneous swerve made by 
individual atoms to get them out of vertical lines of descent 
and bring them into collision with their neighbors. In this 
connection, however, Epicurus did apprehend an important 
scientific truth, viz., that in empty space all atoms would 
fall at the same rate of speed, regardless of their weight. 
He conceived of no collisions through overtaking from 
above. 

Ancient atoms were like those postulated by John 
Dalton in the early part of the nineteenth century in their 
indestructibility and their behavior in compounds. They 
were, however, of a single substance, whereas Dalton’s 
were of as many substances as there were chemical ele- 
ments. The discoveries of modern physics have made both 
views almost equally obsolete. But perhaps in the matter 
at the core of all atoms—protons, neutrons, electrons, and 
the like, the ‘‘nuclear fluid’’ of Professor George Gamow— 
we have an approximation to the protyle of the ancients, 
the ‘“One’”’ for which Monists and Atomists alike were 
seeking. ARTHUR F. STocKER, Classical J. 43, 395-400 
(1948).—A. F. S. 


PERIODICAL LITERATURE 


Atomic Energy—Relationships to 
Industrial Research 


One aim of the Atomic Energy Commission is to obtain 
increased participation of industry in the development of 
atomic energy, for the success of the project depends on 
having high-grade scientific and technical work and in- 
dustrial production and know-how working together in 
many different fields. 

While many industrial companies are certainly interested 
in basic research, the industrial development of atomic 
energy depends mostly on reactor development and the 
production of fissionable materials together with their 
supporting activities. 

At Oak Ridge there has been considerable planning and 
design work upon two new reactors, which have reached 
various stages of engineering development. Participation in 
this work by representatives from various industries has 
led to a better appreciation of the problems of reactor 
development and to a general understanding of the opera- 
tion of reactors. This program has shown also that qualified 
engineers from industrial laboratories can become skilled 
in many phases of reactor engineering in a relatively 
short time. 

The range of problems in atomic energy development is 
so wide that, as a preliminary approach, it seems a greater 
participation can be obtained by designating parts of the 
work for investigation by particular industrial companies 
that may be unusually expert in those lines. 

To be most successful the exploitation on a large scale 
of the results that will come out of reactor development 
must be carried out by many different industrial com- 
panies. Therefore, in anticipation of this step, it is neces- 
sary to train technical people in the problems to be met. 

One big result of the development of atomic energy is 
already with us—radioactive isotopes in quantity. The 
radioisotopes are playing an increasingly important role 
in medical therapy and in a wide variety of researches, and 
the possibilities for their further exploitation seem to be 
very great. Two problems to be met in the use of radio- 
active isotopes as tracers are: (1) developing and standard- 
izing the techniques of their use, and (2) training people 
to use them. 

Recently there have been added to the available isotopes 
to be used as tracers certain stable isotopes separated in 
the electromagnetic units at Oak’ Ridge. These stable 
isotopes are at present available only in very minute 
quantities. However, they will be of major advantage to 
research in experiments of long duration. 

In considering the relation of the Atomic Energy Project 
to industrial research, we see that the long-range develop- 
ment of nuclear reactors and their exploitation for the 
production of fissionable material and power will inevitably 
be closely associated with industrial development. Atomic 
energy is important to industry and vital to the country, 
and for the best success of the Atomic Energy Project 
there must be an ever increasing participation of industry. 
—Summary of a speech by RoBERT F. BACHER before the 
Industrial Research Institute, Inc., Rye, New York, February 
5, 1948.—H. R. W. 
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A Graphical Simplification of Gnomic Projection 


G. B. ASSELSTINE 
Queen's University, Kingston, Ontario 








HE following graphical method of finding the gnomic 
projection of points has been used for the inter- 
pretation of Laue photographs. Essentially, it is a graphical 
method of bisecting an angle and it can be used in any 
similar problem involving that operation. 

In principle it involves merely the angular relationships 
of reflected light, for the angle between the incident and 
reflected beam is bisected by the normal to the reflecting 
surface and by the surface itself. 

Therefore, to find the gnomic projection of A (Fig. 1) 
through O with respect to B, place a plane mirror at B 
perpendicular to the plane of the paper and at such an 
angle that the image of AB falls in line with OB (or vice 
versa). Then produce the line of the mirror to intersect 
AO produced at A’. Then A’ is the required point. 

The accuracy attained can be equal to that of any other 
graphical operation if OB, say, is projected sufficiently 
beyond B so that it is visible over the mirror. The image of 


AB can then be aligned between the two visible parts 
of OBB’. 


































Fic. 1. Gnomic projection. 






The problem of holding the mirror perpendicular and of 
projecting a line from it might be solved in various ways. 
In the author’s case, the method indicated in the diagram 
served very nicely, being at the same time quite simple. 
A strip of cardboard was cemented to the back of the mirror 
so that the mirror would sit just over the edge of a set 
square and perpendicular to it. The mirror and set square 
were then moved together until alignment was attained, 
the mirror then removed and a line drawn along the set 
square through B to A’. 

While this arrangement worked well, refinements could 
be suggested if a great deal of this work were to be done. 
The use of a metal mirror, for instance, would eliminate the 
offsetting effect of the optical thickness of a glass mirror. 
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This, however, did not prove to be a serious difficulty, as it 
was found possible to draw a line through B from the set- 
square without great difficulty and with sufficient accuracy. 








Surface Energy and Surface Tension 


. W. MCKEEHAN 
Yale University, New Haven, Connecticut 


Y recent note under this title,! objecting to a common 
misrepresentation of surface tension, is itself open 

to objection, as was immediately pointed out to me by 
Professor Henry Margenau and Professor Mark Zemansky. 
The surface energy per unit area mentioned in my note 
is, in fact, only that part of the whole surface energy per 
unit area which would correspond to a surface tension in- 
dependent of temperature. The inclusion of the omitted 


surface energy per unit area in actual cases gives the ex- 
pression 


U/A=y—Tdy/dT, 


wherein U/A is the surface energy per unit area, y is the 
surface tension, and T is the absolute temperature. Since 
dy/dT is negative, the last term is positive. In the Inter- 
national Critical Tables (Vol. 4, p. 432) the same equation 
appears as h=y-+1. 

The two terms of the complete expression are approxi- 
mately equal for water at room temperature, so the 
omission of the second even in a patently qualitative treat- 
ment was inexcusable. The advisability of remembering 
that the dyne/cm and the erg/cm? are interchangeable 
units, and the inadvisability of regarding surface tension 
as caused by unbalanced normal forces on surface mole- 
cules, remain as the net content of my previous note. 


1L. W. McKeehan, Am. J. Physics 16, 187 (1948). 


On the Teaching of the Snell-Descartes Law 
of Refraction 


RALPH HELLER 
Worcester Polytechnic Institute, Worcester, Massachusetts 


“J ‘EN years ago the American Association of Physics 
Teachers Committee on the Teaching of Geometrical 
Optics published an authoritative and stimulating yeport! 
from which the following quotations are taken. ‘‘Geo- 
metrical optics requires only the simple laws of reflection 
and refraction and presupposes no definite conception of 
the nature of light. ... The law of refraction, when 
first presented, should be stated as an empirical law. . . . 
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NOTES 


Although it is of value for the student to think of the 
index of refraction of a medium as the ratio between the 
speed of light in a vacuum and the speed of light in the 
medium, we consider it unnatural to define the index in 
this way. The definition of the index of refraction should 
be based on the empirical law of refraction.” 

An examination of a considerable number of elementary 
and intermediate textbooks of college physics which have 
been revised or newly published after 1939 discloses that 
many texts do not follow the observations and recom- 
mendations just quoted. In particular, several of the new 
texts do define the index of refraction as the ratio of two 
speeds and only later proceed to a statement or a derivation 
of the law of refraction. (Sometimes this definition of the 
index is preceded by a discussion of various experimental 
methods for the determination of the speed of light in 
air and water.) 

In view of this discrepancy a few remarks on the teaching 
of the Snell-Descartes law of refraction may be in order. 

To define the index of refraction as the ratio of two 
speeds is somewhat misleading and artificial. For, as is 
well known,? it is the phase speed of light that would be 
required, whereas all experimental determinations of the 
speed of light furnish the group speed. The difference be- 
tween the two speeds, and hence the corresponding indexes, 
in general is considerable. Lord Rayleigh’s relation gives a 
difference of from 2 to 4 percent in the case of a few kinds 
of optical glass (green light being used). To make matters 
even worse, it seems that the group speed of light in glass 
or any other solid has never been obtained by direct 
experiment. 

The combination of the foregoing definition of the re- 
fractive index with the mathematical expression obtained 
by applying the familiar Huygens construction to the 
refraction of a beam of light at the interface of two mediums 
leads, it is true, to a mathematical statement of the law 
of refraction of Snell and Descartes, but such a derivation 
by itself does not appear to do justice to so basic a law. 
The law of refraction is an empirical law, it can be verified 
with very high accuracy by direct measurement, and it is 
“true” because all the predictions which can be made from 
it are precisely and completely verified by the experi- 
mental facts. It does not stand or fall with any particular 
theory regarding the nature of light. Rather than using 
Huygens’s construction we might, indeed, have ‘‘derived”’ 
the law of refraction with the aid of Fermat’s principle of 
stationary time, or from electromagnetic theory, or even 
on the photon hypothesis. Such ‘explanations’ of basic 
empirical laws are instructive and highly desirable, but it 
is felt that they should never precede the statement of a 
physical law as an empirical fact. 

On the other hand, if the law of refraction is stated as an 
empirical law, then no difficulties of a philosophical, physi- 
cal or didactical kind will arise. The definition of the term 
“refractive index’’ follows directly from a mathematical 
statement of the law, and it is not very difficult to obtain 
the law in the recommended symmetrical form, m sini; 
=n» sinds. If desired, the Huygens construction may then 
be used to find the relation between the (absolute) index 
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of refraction of a medium, the speed of light in a vacuum, 
and the (elusive) phase speed of light in the medium, which 
is thus expressed in terms of measurable quantities. 


1Am. J. Physics |Am. Physics Teacher] 6, 78 (1938). 


2? Lord Rayleigh, Phil. Mag. [6] 22, 130 (1911); W. C. Anderson, J. 
Opt. Soc. Am. 31, 195 (1941). 


Textbooks and Surface Tension 


J. R. SMITHSON 
United States Naval Academy, Annapolis, Maryland 


N his note on “Surface energy and surface tension,”’ 

L. W. McKeehan! has criticized certain aspects of 
the usual textbook presentation of the subject of surface 
tension. These comments are offered as a supplement to 
those of Professor McKeehan. 

An examination of 31 college textbooks of general 
physics reveals that 29 contain some discussion of surface 
tension. The space devoted to the subject ranges from 3 
to 14 pages, with a mean of 7.5 pages. While a compre- 
hensive discussion cannot be expected in such limited 
space, many of the textbooks are in danger of causing more 
misunderstanding than understanding. Evidence of this 
is the fact that 13 textbooks make no mention of surface 
energy, but use entirely the concept of surface tension. 
Only four texts could be said to give a reasonably thorough 
discussion of elementary surface phenomena from the 
viewpoint of surface energy. 

To take a specific example, 26 of these textbooks develop 
an equation for the height of elevation (or depression) of 
a liquid in a capillary tube, but only six point out that it 
is due to hydrostatic pressure. The remaining 20 authors 
have a hypothetical “tension” pulling the liquid up (or 
down) the tube. The true physical picture of capillary 
action might be outlined as follows: (i) the energy relations 
determine a stable contact angle, (ii) the mobility of the 
liquid allows the establishment of this contact angle, 
(iii) the contact angle and the curvature of the tube create 
a curvature in the liquid surface, (iv) a pressure difference 
follows from the free energy in the surface, (v) the liquid 
flows up (or down) the tube under hydrostatic pressure. 
When we resort to a force along the walls of the tube to 
explain capillarity, we are using an artifice to gain sim- 
plicity, but it is a questionable procedure unless we make 
the students fully aware of it. In none of the 20 texts is any 
attempt made to point this out. The notion of surface 
“tension” as a force per unit length is somewhat analogous 
to that of virtual work, but in the reverse sense. No text- 
book author would attempt to apply the latter concept 
without explanation. 

With a little more time, and no more difficulty, the 
subject of capillarity can be taught from the standpoint 
of surface energy, and no apologies need be made either to 
one’s students or to oneself. The first step is to derive 


the Laplace equation for pressure difference under a curved 
surface. This equation is 
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where p is the pressure difference between two adjacent 
points, one above and one under the surface, o is the surface 
energy per unit area, and R; and R, are the principal radii 
of curvature. It can be derived with very elementary 
mathematics,” and is a powerful tool for use in explaining 
many surface phenomena. With this equation available, 
one has only to equate this pressure difference to the 
hydrostatic pressure of the elevated (or depressed) column 
of liquid, and the familiar expression for the height of the 
column is readily obtained. Yet only six of the 31 textbooks 
examined even mention that capillarity is due to hydro- 
static pressure, and of these, three first develop the 
pressure-difference relation from the surface-tension notion, 
two give the Laplace equation without derivation, and 
only one follows the procedure here recommended. 

This criticism could be applied, with variations, to the 
treatment in the majority of general physics textbooks of 
almost any topic under surface tension. A very fine 
treatise on surface energy prepared some years ago by 
Adam should be made required reading for all prospective 
textbook writers so that they could be warned of the many 
possible pitfalls in explaining the subject and how to 
avoid them. 

1L. W. McKeehan, Am. J. Phys. 16, 187 (1948). 

2See Millikan, Roller, and Watson, Mechanics, molecular physics, 
heat, and sound (Ginn, 1937), p. 313. 


3N. K. Adam, The physics and chemistry of surfaces (Oxford Univ. 
Press, 1930). 


Meaning of the Ratio e/m 


ROBERT WEIL 
South-West Essex Technical College, Walthamstow, England 


HE recent note of Professor Le Corbeiller’s! is very 

interesting. His argument is, of course, merely 
another way of saying that G has the same dimensions as 
(e/m)?, a fact which has been taken to suggest an electro- 
magnetic theory of gravity.? Blackett’s theory? seems to 
be supporting this idea. However, I cannot see why we 
should be less able to conceive the ratio of charge to mass 
than that of mass to volume. Surely Professor Le Cor- 
beiller’s query arises only because as children we play 
about with cubes and masses rather than with electrons. 
The difficulty which he experiences is not restricted to e/m. 
If we take the case of viscosity, who can form a direct 
concept of force per unit area, per unit velocity gradient? 
I find it more difficult to imagine this than a sample of an 
electron gas consisting of 1.11027 electrons whose total 
charge will be measured as 5.31 X10"? esu. This, I believe, 
provides us with the clue: e/m is nothing but the constant 
of a piece of apparatus. Since it happens to be a constant 
for a large number of different instruments, we term it a 
universal constant. Thus, for example, if we have some 
apparatus to which we apply a magnetic field an electron 
beam will, under well-known conditions, obey the law 
v/R=kH, where v is the velocity of the particle, and R the 
radius of the circle it describes under the influence of the 
magnetic field H. In order to satisfy the equation dimen- 


DISCUSSION 


sionally we stipulate that k has the dimensions of e/m, 
Even if we derive a value for e/m from other universal 
constants, in the end the idea of the constant of an instru- 
ment will be met. Hence, of course, to requote Sir Arthur 
Eddington, the importance of “pointer readings.” 

1 P. Le Corbeiller, Am. J. Physics 16, 185 (1948). 

2? F. C., Champion and N. Davy, Properties of matter (Blackie and Son, 


Ltd., London, 1937), chap. 1. 
3P. M.S. Blackett, Nature 159, 658 (1947). : 


The Ratio e/m 


P. Le CoRBEILLER 
Harvard University, Cambridge, Massachusetts 


AM pleased to have had the privilege of seeing the 

preceding letter of Mr. Robert Weil before its publi- 
cation. I quite agree with his point. However, I did not 
say! that we should be less able to conceive the ratio of 
charge to mass than that of mass to volume; I said that 
we were, and the reason we are is, as Mr. Weil very well 
puts it, that as children we play about with cubes and 
masses rather than with electrons. Children also play with 
water and various gooey substances, so I think we also 
have a direct concept of viscosity. 

As regards dimensions, G has the same dimensions as 
(es/m)?, the subscript s denoting esu. If one uses emu as 
in my note, G has the dimensions (cem/m)?. 

As to the broad background of this question, I take 
Eddington more seriously than almost anyone I know. 
If more and more physicists can be made to notice that 
(ch)/(27e), mu/m, (1/G)(e,/m)? are dimensionless (which 
must be granted), some of them are bound to ask, ‘‘How 
many such dimensionless numbers are there? and what 
more do we know about them?” Then they will be told 
that no one but a philosopher like Eddington bothered 
about such things, and some will try reading him, and 
this is how new ideas spread. 


1 P. Le Corbeiller, Am. J. Physics 16, 185 (1948). 


The Fluorescent Lamp as an Experiment 
in A.C. Vector Diagrams 


WILLARD GEER 
University of Southern California, Los Angeles, California 


N many colleges an experiment on alternating current 

is needed to follow the laboratory work on direct 

current in order to introduce the concepts of reactance, 

impedance and power factor. For several years the physics 

department at the University of Southern California has 

used such an experiment, employing a fluorescent lamp as 
the main piece of equipment. 

In addition to a 0-0.5 a.c. ammeter and a 0-150 a.c. 
voltmeter (already standard laboratory equipment), the 
only additional piece of apparatus needed is a 20-w fluores- 
cent lamp with its inductive line ballast and starter. These 
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NOTES AND DISCUSSION 


Fic. 1. Fluorescent lamp experiment. 


are mounted conveniently on a board as shown in Fig. 1. 
lhe starter is so connected that the lamp may be started 
with the key K or by the “‘jitterbug”’ starter J. In the 
latter case its automatic starting operation is observed 
and described qualitatively by the student. 

For the quantitative part of the experiment, the student 
measures the current when an alternating emf is applied 
directly to the ballast. Knowing the voltage and the d.c. 
resistance from ohmmeter or bridge measurements, the 
student draws a vector diagram of impedance, resistance, 
reactance and angle of lag (Fig. 2). From this diagram he 
calculates the inductance of the ballast. : 

When the ballast is connected directly across the 110-v 
line, the angle of lag will be different from that which 
occurs when the lamp is in series with the ballast and they 
are acting as a unit. A difference in current in the two 


A 


tic. 2, Diagram for calculating 
inductance of ballast. 


lic. 3, Diagram{for finding g2, the angle of lag of the fluorescent unit. 
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cases will cause a difference in core saturation. This can be 
controlled, but the presence of higher harmonics, intro- 
duced by the fraction of the cycle when the lamp is non- 
conducting, creates a difference impedance and a different 
angle of lag. (Students can observe the marked stroboscopic 
effect by focusing their eyes upon their hands as they 
move them rapidly in front of the lamps.) Since the angle 
of lag is not known, it will be included as an unknown. 

Voltages Vi, V2 and V3; are measured by voltmeters as 
in Fig. 1, and a vector diagram is drawn as in Fig. 3. 
While the length of each side of triangle A BC is as accurate 
as the voltmeter reading, the angle of lag of only one of its 
sides, that of the ballast, is known (and that only roughly 
as previously explained), so that the side AB is drawn first 
at the angle found in Fig. 2. But the current times the d.c. 
resistance of the ballast is known, so the arc of radius BD is 
drawn to represent it, then AD is drawn tangent to that 
arc. Now, the angle ABD (the angle of lag in the ballast) 
is known accurately. Paralleling BD, CE can be drawn and 
d2 [=angle ACE], the angle of lag for the fluorescent unit, 
may be measured and the power factor found. From the 
usual relation EJ cosd2, the power used by the unit may 
be determined. If a wattmeter is available an immediate 
check upon the student’s work is possible. 

Besides the fundamental aspects of this experiment 
there are several supplementary topics that may be de- 
veloped. 

(1) The action of the bimetal starter may be studied, 
together with the ignition and extinction voltages of the 
neon gas in the starter. 

(2) Current versus voltage curves for the mercury vapor 
in the lamp may be plotted. 

(3) The student may calculate the best value of a 
capacitance to reduce the stroboscopic effect to a minimum 
when two similar lamps are paired, one with the same 
inductive ballast as in this experiment, the other with a 
capacitive ballast. 

(4) The efficiency of the fluorescent lamp as compared 
to that of an ordinary incandescent lamp may be measured. 
This makes a good transition experiment from electricity 
to light and is easily done with a 0-50 footcandle meter 
in a room where the walls have poor reflective qualities. 

The reaction of both students and laboratory assistants 
to this entire fluorescent lamp experiment is good. Many 
students report it the most valuable of the semester. 


Equations for Straight Lines—A Correction 


Pau. F. GAEHR 
Wells College, Aurora, New York 


AST fall I published in this journal! a plea for more 
frequent use of a well known short cut to a very 
acceptable and good average value for the slope and inter- 
cepts of a straight line derived from experimental data. 
In March, C. D., Cooksey published a commentary? on 
my article, based, however, on a misinterpretation of one 
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of my phrases. He thought that the phrase ‘‘this method is 
rigorously correct” implied that the short cut was offered 
as the full equivalent of the least squares method; but, 
coming at the end of the derivation, it was obviously in- 
tended to mean that the formula for the slope was really 
the average of the four values of 40T. 

It was stated in my article that, in the short-cut formula, 
(where the slope is computed from the difference of two 
groups) the ‘‘accidental errors are apt to cancel out among 
themselves in each group,” and later it was stated that this 
would be increasingly true for a larger and larger number of 
observations. However, I erred in saying that ‘‘systematic 
errors in the one group cancel against those in the other 
group.” What I meant to say is that “‘if there is a disposi- 
tion to read all observations too large or all too small, 
these errors cancel.’”’ In my zeal for brevity, I confused the 
terms “‘constant error’ and ‘‘systematic error.’’ Near the 
end of my previous article, the constant term in the least 
squares equation should have been 1.828 instead of 2.013, 
and differences between the y’s computed by the two 
methods should have been —0.05, 0.005, and 0.013 re- 
spectively. 

In spite of feeling that much of Professor Cooksey’s 
article was based on a misinterpretation, I am grateful to 


him for proving that the short cut method is really a very 
good one. 


1P. F. Gaehr, Am. J. Physics 15, 430 (1947). 
2C. D. Cooksey, Am. J. Physics 16, 189 (1948). 


Demonstration on Standing Sound Waves 


ROBERT R. MEIJER 
The George Washington University, Washington, D.C. 


: the production of standing waves with sound, con- 
fusion sometimes arises as to where the maxima and 
the minima in the loudness of the sound occur. Many 
students erroneously conclude that the sound minima occur 
at the displacement nodes and the sound maxima at the 
displacement antinodes. Since the maximum change in 
pressure takes place at the displacement nodes, the sound 
maxima occur at the nodes. This point is not often brought 


NOTES AND DISCUSSION 


out in elementary textbooks, but becomes clear when one 
considers the vibration of the air particles in a standing 
wave. The air particles swing from both sides toward a 
displacement node, and then on both sides away from it, 
that is, at the node condensations and rarefactions occur 
alternately every half period. Therefore the pressure, at a 
node, rises to a maximum and then falls to a minimum. 
This can be demonstrated! in an experiment using mano- 
metric flames. Because the response of the ear depends on 
the pressure change of the ambient air and not on the 
speed of the air particles, the loudness is greatest at a node. 
Since most microphones also respond to changes in pres- 
sure, an experiment suggested by Howe? to measure the 
wave-length of sound can be used to demonstrate this 
point. 

The sound source used is a variable audio-frequency 
generator connected to a loud speaker placed about 4 ft. 
from a portable reflecting wall (plywood). A crystal micro- 
phone is connected to an audio amplifier which in turn is 
connected to a cathode-ray oscilloscope. The trace on the 
screen of the oscilloscope shows the regular change in 
amplitude of the standing sound wave as the microphone 
is moved from the wall toward the loud speaker, with the 
first maximum at the wall. A frequency in the neighborhood 
of 2000 c.p.s. is used. At this frequency students by moving 
their heads to and fro can observe qualitatively that 
standing waves are set up in the lecture room. Quantita- 
tive measurements to determine the wave-length of the 
sound can readily be taken. 

One can also show that, beyond the source, the intensity 
of the sound is nearly constant (for constant path difference 
between the direct and reflected waves). By keeping the 
position of the microphone fixed beyond the source and 
moving either the source or the wall, one can also show 
how the interference between the direct and reflected 
waves depends on the path difference of the two waves. 

The writer feels that this experiment on standing waves 
is more direct than, for example, one with manometric 
flames and hence more convincing to the students. The 
reaction of the students seemed to verify this conclusion. 
The writer is indebted to Professors W. L. Cheney and 
G. M. Koehl for criticism of the note. 


1 Sears-Zemansky, College physics (Addison-Wesley, 1947), p. 357. 
2 Howe, Introduction to physics (McGraw-Hill, 1942), p. 197. 


Erratum. In the article “‘A Method for Measuring Surface Tension” by A. A. El-Karim 
[Am. J. Physics 16, 304 (1948) ] the drawings labeled Fig. 1 and Fig. 2 were unfortunately 


interchanged.—EbpITor. 
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RECENT MEETINGS 


Southeastern Section of The American Physical Society 


HE Fourteenth Annual Meeting of the 
Southeastern Section of the American Phys- 
ical Society was held at Oak Ridge, Tennessee, on 
Friday and Saturday, April 9 and 10, 1948. A 
record number of 442 registered, and the total 
attendance was estimated to be 525. There were 
410 people at the annual dinner on Friday night. 
On Saturday afternoon, the visitors were taken 
on a conducted tour of the Oak Ridge area. 

The regular program consisted of 72 con- 
tributed papers, abstracts for eight of which are 
printed below. Abstracts of the other papers will 
be printed in the Physical Review. 

The Program Committee, with Dr. C. K. 
Beck as Chairman, arranged the following excel- 
lent program of invited papers. 


Welcome to Oak Ridge, R. C. Cook, Atomic Energy 
Commisston. 

University scientists and Government research labora- 
tories, Frank P. Graham, President, University of North 
Carolina. 

Nuclear magnetic resonance, K. K. Darrow, Bell 
Telephone Laboratories, Secretary of the American Physical 
Society. 

Reflection of low-speed electrons from polycrystalline 
platinum, C. J. Davisson, University of Virginia. 

Interim report on stroboscopic x-ray diffraction in 
vibrating crystals, R. Pepinsky, Alabama Polytechnic 
Institute. 

Low-temperature experiments with liquid helium, J. G. 
Daunt, Ohio State University. 


At the business meeting, the election of the 
following officers for the Section was announced: 
Chairman, E. S. Barr; Vice-chairman, Philip 
Rudnick; Secretary, Eric Rodgers; Treasurer, H. 
F. Henry; Member of the Executive Committee, C. 
K. Beck. D. R. McMillan was elected to the 
Executive Committee to fill the unexpired term 
of E. S. Barr. 


1. Concerning the current origin of research. E. Scott 
Barr, University of Alabama.—The 1947 volumes of six 
journals published by the American Institute of Physics 
were examined and the origins of the papers, letters, and 
absiracts were noted. Of the 2005 such items, the origins, 
by percentages, were: schools, 53.3; industry, 20.4; Gov- 
ernmental laboratories, 15.9; foreign sources, 10.6. 


Of the contributions from schools, 64.7 percent came 
from 16 schools (15.4 percent of the 104 schools repre- 
sented, which is about 1.3 percent of the schools in the 
nation). Many of these papers could properly be listed as 
of governmental laboratories, since notation of support 
from governmental contracts seemed the rule rather than 
the exception. 

The productivities of the schools ranged from one paper 
(27 schools) to 105 papers. Half of the schools produced 
three papers or less. 

Using school enrollments for 1946 (1947 World Almanac) 
as a basis, an analysis of papers per school versus enrollment 
showed two peaks of productivity, one (19.4) at about 
4500 students, and one (10.7) at about 7500. The con- 
tributions from the very large institutions (above 10,000) 
were too varying for comparative treatment. 

These data and some of their possible implications were 
discussed. 


2. Mercury spectrum source for the basic laboratory. 
M. S. McCay anp E. S. Bisnop, Virginia Polytechnic 
Institute—Kirkpatrick! has reported the use of a classroom 
fluorescent lamp in demonstrating the mercury spectrum. 
As a simple adaptation of this idea, an effective source of 
the mercury spectrum for laboratory exercises with the 
plane grating is obtained by use of a standard germicidal 
lamp. Details and performance were discussed. 


1 P, Kirkpatrick, Am. J. Physics 15, 359 (1947). 


3. Micromeritics of controlled aerosols. C. H. VOELKER, 
Washington College-—The technology for the control of 
fine particulate matter follows definite physical principles 
which take interesting forms when developed commercially 
by engineers. Laboratory tests show great differences in 
the work these devices do and therefore are important to 
consultants faced with applications. 


4. The pressure coefficient of air—an experiment for the 
general laboratory. O. T. Korrius, University of Kentucky. 
—A glass or metal bulb is closed securely by a good rubber 
stopper. The stopper is pierced by a thermometer and a 
capillary tube. A little phosphorus pentoxide in the bulb 
keeps the air dry. The capillary is connected to a mercury 
manometer or other pressure-measuring device. The bulb 
is immersed in a water bath whose temperature can be 
measured. Starting at room temperature, a series of tem- 
peratures and corresponding pressures are observed. These 
are plotted, and since P:=Po(1+ft)=(Po8)t+Po, the 
resulting graph is a straight line. The slope of this line is 
(Pof), the pressure intercept is Po, and these are deter- 
mined from the graph. Hence 6 =(slope)/Po. It is believed 


’ 361 





362 


that this method of experimental determination of 8 is at 
least as accurate as is the usual method in the general 
laboratory employing the ice and steam temperatures. It 
eliminates the ice and steam baths; the water bath is 
simply a large open vessel. The apparatus is almost fool- 
proof and requires practically no repairs. Results obtained 
in the laboratory were presented. 


5. Objective tests in physics. A. A. BLEss, University of 
Florida.—The aim of tests in any subject is to discover 
weakness in the students’ understanding of the subject, 
to encourage study, and to provide a basis for grading 
the student. In these days of swollen classes and faculty 
staffs, tests may in part serve as a measure of the effective- 
ness of teaching. In order to accomplish the latter function, 
as well as for other reasons, the tests must be objective 
in character. A brief description of the type of questions 
used for that purpose, their classification, and experience 
with such questions in the University of Florida was given. 


6. A course in modern physics without prerequisites— 
an experiment. K. H. FussLer AND J. W. STRALEyY, Uni- 
versity of North Carolina.—A course in modern physics for 
students who have had no previous experience in physics 
has been taught at the University of North Carolina each 
term for the past two years. The results have been quite 
gratifying. The basic concepts of force, work and energy 
seem to be as understandable to the student when applied 
to modern physics as when applied to classical physics. 
The accompanying laboratory consists of experiments 
designed by members of the staff. These experiments 
touch on all major phases of modern physics. 


7. A modern physics laboratory. L. D. Hurr, Clemson 
Agricultural College-—This course was developed to ac- 
company a one-semester, three-hour course in modern 
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physics taken immediately after the course in general 
physics. One purpose of this laboratory is to give the 
students a chance to repeat some of the important experi- 
ments of recent times; another purpose is to acquaint them 
with any available apparatus and give them a chance to 
see any research in progress. Experiments performed in- 
cluded: characteristics of vacuum tubes; oil-drop experi- 
ment; measurement of specific charge; experiments with 
electromagnetic waves from a short-wave set ; and measure- 
ments on thermionic and photoelectric effects. The later 
experiments included measurements of radioactivity with 
a Geiger-Miiller counter; measurement of the lattice spac- 
ing and determination of crystal structure using x-ray 
diffraction and electron diffraction; and the determination 
of the magnification of an electron microscope. 


8. Present theories of the origin of bioelectric potentials. 
J. G. Jones, M. W. Jones anp A. A. BLEss, University 
of Florida.—The present theories concerning the factors 
which may account for the bioelectric potentials of living 
cells involve a cell membrane or interface of ‘‘vital” 
character. The source of energy is evidently metabolic. 
The main theories fall into three groups. 

(¢) The membrane is selectively permeable to organic 
or other ions.accounting for “‘restoring’”’ potentials. The 
potential is presented as a diffusion process of ions, the 
difference of concentrations of which is assigned to forces 
set up by the cell’s metabolism. 

(it) The potential is considered as a function of the 
electrical properties of colloids which can be considered 
to make up the protoplasm and its interfaces. 

(iit) The cell membrane is itself assigned an oxidation- 
reduction potential with the assumption of electron con- 
duction across it to enable it to act as an electrode. 

None of these theories accounts fully for the observed 
phenomena. 

Eric RopGers, Secretary 


Proceedings of the American Association of Physics Teachers 


The Austin Meeting, June 14-18, 1948 


HE American Association of Physics Teach- 

ers met jointly with the American Society 
for Engineering Education at Austin, Texas, 
June 14 to 18, 1948. J. W. Buchta, S. Leroy 
Brown, C. E. MacQuigg, C. J. Freund, F. H. 
Pumphrey, F. M. Dawson, C. E. Bennett, and 
Darrell S. Hughes presided at the various ses- 
sions. The program was arranged by C. E. 
Bennett, H. K, Schilling, and C. P. Boner. 


Invited Papers 


The research and development board. HENry M. 
O’Bryan, The Research and Development Board. 

The utilization of scientists and engineers during World 
War II. M. W. Waite, The Pennsylvania State College. 

Scientists in government employ. Eric WALKER, The 
Pennsylvania State College. 

Teaching photography at the University of Texas. J. M. 
KUuEHNE, University of Texas. 

On the choice, design and construction of apparatus for 
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large laboratory classes. W. L. Kennon, University of 
Missippt. 

Unusual laboratory experiments and demonstrations 
developed at Texas Christian University. NewTon GAINES, 
Texas Christian University. 

A senior course in geophysics and geophysical methods 
at Texas A & M. D. F. WEEKES, Agricultural and Me- 
chanical College of Texas. 


Contributed Papers 


1. A two year course in physics for engineering students. 
Francis G. Stack AND Guy ForMAN, Vanderbilt Uni- 
versity.—For several years a two-year physics course, 
unique in several respects has been offered by the Depart- 
ment of Physics at Vanderbilt University in cooperation 
with the School of Engineering. The course begins in the 
freshman year and is conducted with two one-hour formal 
lectures and one three-hour period per week. It gives three 
hours credit—a total of 18 quarter hours for the two years. 
The material is divided to accommodate desires of the 
Engineering School so that students will be prepared to 
enter courses in electrical engineering at the beginning of 
the sophomore year. Approximately one quarter is devoted 
to modern physics. The text now used is Lemon and 
Ference. We believe the course is unique in using the three- 
hour weekly period alternately for laboratory and for a 
“practice problem period.”’ This requires superior instruc- 
tion but is found to work very well. During the two years 
only 30 laboratory experiments are performed by the 
students. The spreading out over two years apparently 
increases appreciation and mastery on the part of the 
students who thus have an opportunity to use physics and 
see its application in their engineering courses while they 
are still studying physics. The course is also recommended 
for all science majors as it gives them a more thorough 
foundation in physics than we have been able to accomplish 
in the regular sophomore course. 


2. Formula problems versus fundamental problems in 
physics examinations. FRED J. Morris AnD T. N. Hat- 
FIELD, The University of Texas.—Students in elementary 
physics classes are often able to work problems by the use 
of a derived formula but do not understand the elementary 
fundamentals involved. The authors believe that a stu- 
dent's knowledge of physics is often misjudged on the 
basis of examinations consisting mainly of these formula 
problems that he can work without understanding the 
principles involved. Several elementary classes have been 
given two sets of problems, one set solvable with derived 
formulas and the other set solvable by the simple appli- 
cation of a fundamental principle or definition of a concept. 


The enlightening results of this experiment in teaching are 
described. 


3. We have some of the answers. J. G. Potter, A & M 
College of Texas.—We have more or less satisfactory 
answers to some of the problems, such as the following, 
confronting physics departments in colleges catering to 
students in engineering, agriculture, arts and sciences, 
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and we should like to compare and discuss answers with 
others. 

(1) To what extent should physics courses be differ- 
entiated to meet the special needs and interests of students 
in the various curricula? (ii) How can more time be 
apportioned to physics in engineering curricula? (ii7) Why 
do students who have previously passed courses in me- 
chanics in engineering departments have trouble with 
mechanics in the physics department? (iv) How can an 
understanding of electricity be taught to students in 
electrical engineering curricula? (v) Why do engineering 
departments complain that physics courses are principally 
disciplines in substituting data in formulas? (vi) Why do 
engineering students maintain in physics classes that a 
knowledge of formulas is the only knowledge of importance 
to an engineer? (viz) What can be done to increase the 
profit a student derives from laboratory work? (viii) What 
instruction in physics should be attempted with students 
of agriculture? (ix) Where does atomic and nuclear physics 
fit into the program for the non-physics major? (x) How 
can the instructional opportunities afforded by engineering 
departments be fitted into the physics curricula? (xi) By 
what means can the attention of superior students in a 
large engineering school be directed to the advantages of 
specialization in physics? 


4. Rubber balloons. A. L. KinG anp C. P. SARGENT, 
Dartmouth College. (Read by title.)—From the theory of 
elasticity for an ideal elastomer an equation for the varia- 
tion of pressure and volume of spherical elastomeric shells 
may be derived. It predicts that the pressure for inflation 
should reach a maximum for a relatively small increase 
in volume; and then after passing through a minimum at 
a larger volume, it should rise until the balloon bursts. 
Preliminary measurements on toy balloons have been 
found to follow the theoretical curve rather closely, al- 
though non-uniformities of wall thickness and shape 
introduce errors. Plastic deformation also modifies the 
results, especially for large volumes. 


5. A method of increasing the efficiency of instruction in 
the college physics course. G. P. BREWINGTON, Lawrence 
Institute of Technology.—Problem forms! provided in kit 
form through the book store, have been found to be a very 
useful teaching aid particularly for engineering students 
taking physics in night school. The problem sheets (20 for 
each of 3 terms) are designed to include problems of wide 
range of difficulty but so chosen as to lead from the simple 
to the more complex. Moreover, the sheets in current use 
call for about two-thirds of the problems appearing in 
the physics text. The student is required to show his 
work on separate sheets attached to the forms. Each 
assignment is thus accompanied by a cover sheet which is 
numbered and coded by the student. They are collected 
at frequent intervals and spot graded. Several important 
advantages have been noted. Individual students now work 
a larger number of problems without faculty assistance. 
An unexpected degree of homogenization of the level of 
instruction, especially in courses taught by part time men, 
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has been achieved. Students profit by any device that 
assists in organizing their homework. Little doubt exists 
that in classes using the above sheets students acquire 
considerable skill in actually getting work done. 


1G. P. Brewington and T. Shepard, Am. J. Phys. 16, 49 (1948). 


6. Magnetic field intensity, magnetizing force, and 
magnetomotive force. RaLpH Hoyt Bacon, Bradley Uni- 
versity.—Beginning in December, 1933, there have ap- 
peared in the American Journal of Physics a dozen items 
dealing with contemporary errors in teaching electro- 
dynamics in general and magnetization in particular. One 
of the more perplexing of these errors is the identification 
of the magnetic field intensity with the magnetizing force 
instead of with the flux density. It is customary to show 
that the magnetic field intensity at the center of a long 
solenoid, of length, Z,, having N turns, and carrying 
current, I, is 4rNI/L,. If the solenoid be wrapped around 
a piece of iron, 4rNJI/L, becomes the magnetizing force, 
and the resultant flux density inside the iron is the product 
of the permeability, u, and this magnetizing force. Then, 
later on, one defines the reluctance of the magnetic circuit 
by the relation: 


4nNI/$=R=Ln/pA, (1) 


where L,, is the length of the magnetic circuit, not the 
length of a solenoid; A is the area of the cross section of 
the iron in the circuit; and 4xNI is called the magneto- 
motive force. Obviously, the definition of reluctance is not 
consistent with the definition of magnetizing force. The 
definition of reluctance implies that the total flux induced 
in a given magnetic circuit is a function of 4rNI alone, 
rather than of 4rNI/L,. This is very nearly the case for a 
closed iron ring. Indeed, where the magnetization curve is 
concave upward, the induced flux is a function of the total 
magnetomotive force alone, and is quite independent of 
the distribution of the ampere-turns around the ring; 
where the curve is concave downward (near saturation), 
the flux induced in any portion of the ring is a function of 
the distribution of the magnetomotive force about that 
portion. For a long iron bar, the results are somewhat 
different: even for weak fields, there is a small, but easily 
observed, effect of the distribution of the magnetomotive 
force along the bar. Graphs showing the effects of changing 
the distribution of the magnetomotive force were ex- 
hibited. These graphs lead one to ask why he should 
emphasize, or even mention, magnetizing force, in the first 
elementary discussion of the subject. Sincé, in many cases 
of practical importance (e.g., design of transformers), the 
total flux density induced in the iron is a function of 
magnetomotive force, rather than of magnetizing force, 
why not give Eq. (1) as the property of ferromagnetic 
circuits and materials, instead of the usual B=yH? If the 
subject be introduced this way, magnetomotive force 
would be defined merely as 4x NJ; it would not be identified 


with $H-ds. 


7. Anon-mathematical method of teaching the dynamics 
of the gyroscope. E. E. VezEy, A & M College of Texas. 
-The method is based entirely on showing how Newton’s 
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three laws of motion explain the reasons for precession and 
nutations and why the gyroscope may be used as a compass, 
The explanation makes no use of vectors, moving axes or 
other mathematical methods that have a tendency to 
confuse the students. 


8. Suggestions for better physics learning and teaching. 
CLARENCE H. RoBertson, Purdue University—The author 
argued that by means of psychological time and action 
studies it ought to be possible to improve learning and 
teaching in the field of physics as much as time and motion 
studies have aided industrial production. 


9. An experiment with repeating students. A. G. 
EDMONDS AND E. G. Situ, A & M College of Texas.—lt 
has been evident for some time that an excessive number of 
engineering students are failing to make passing grades in 
elementary physics, even after taking it a second time. 
To what extent should these students be treated as special 
cases, and be offered a special approach to the subject? 
An attempt has been made in the Physics Department of 
Texas A & M College to give special treatment to these 
students, and to eliminate unnecessary repetition of matter 
considered to be satisfactorily dealt with in the student's 
first and failing semester, by setting up special “repeater” 
sections. In general, a student who fails in his first semester 
in Elementary Physics will not be a potential physics 
major, and may therefore receive specialized teaching, 
the end product of which is to be an ability to apply the 
principles of physics, rather than a foundation for subse- 
quent studies in pure science. By devoting some of the time 
normally set apart for laboratory experiments and/or 
demonstrations to class room study and problem sessions, 
it became possible to discuss problems of greater difficulty 
than those found in the normal sophomore text and thus 
build up the students’ confidence and interest. Results to 
date are satisfactory and student reaction is good, but 
definite decisions as to the merits of the system must be 
deferred at least to the end of this semester. Although an 
analysis was presented, it was realized that the evidence 
of a one-semester test could not be regarded as conclusive. 


10. The responsibility of the physics teacher for the 
student’s facility in English prose. PEARL I. YounG, Penn- 
sylvania State College-—The inability of many recent 
graduates in engineering and the physical sciences to 
express themselves clearly, coherently, and concisely in 
English prose is sufficiently serious that every possible 
attempt should be made to correct the deficiency. Ex- 
perience shows the following weaknesses: (7) The student is 
unfamiliar with the fundamental rules of English com- 
position as regards unity, coherence, and emphasis; he is 
unfamiliar with many commgn points of grammatical 
usage; and he does not use correct diction. (ii) The student 
does not know the difference between a well-presented 
and a poorly presented technical speech or report; he is 
apt to base his judgments on external appearance rather 
than essential clarity of preparation. (iii) The student is 
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unfamiliar with the commonest standards as regards 
modern usage of form and style of both text and illustrative 
material. 

A science student should be continually reminded during 
his college course of the importance attached to these 
matters. The example of his college teachers in physics 
would bear great weight. To be sure that an early correct 
impression is created it is recommended that physics 
teachers take some of the following constructive steps: 
(i) Teachers of physics should practice and use the funda- 
mentals of correct technical exposition. (ii) Theory and 
laboratory texts should contain a minimum of errors in 
English composition, grammar, and style. (ziz) If the school 
is committed to the continued use of a text that is faulty in 
exposition, all possible steps should be taken to have a 
revised edition issued free from such errors. (iv) Seminars 
on technical exposition should be held or information on 
it should be incorporated with other professional aspects 
of improving instruction. 


Other portions of the program that appealed 
particularly to physicists included reports, con- 
ferences or addresses on (2) training for govern- 
ment research, by M. H. Trytten, and (72) the 
role of graduate instruction in engineering, by L. 
E. Grinter, S. Leroy Brown and E. Hutchisson. 
The fields of engineering and applied physics 
were well represented by papers and discussion 
on (277) the role of technical institutes in Ameri- 
can education, by Lawrence J. Jarvie, (2) diffi- 
culties young men contend with, by Clarence E. 
Davis, (v) problems of high temperature steel 
metallurgy, by C. T. Evans, and (vz) the need of 
engineers in cancer research, by J. H. Teeter and 
C. P. Rhoads. Dean C. E. MacQuigg delivered 
the presidential address of the ASEE, and 
Darrell S. Hughes presided at a panel discussion 
on the training of geophysicists. 


Kentucky Section 


The regular spring meeting of the Kentucky Section of 
the American Association of Physics Teachers was held in 
the Physics Building of the University of Louisville on 
April 15, 1948, with Dr. William S. Webb, University of 
Kentucky, presiding. Thirty-two members and guests 
were in attendance. 

The following papers were presented: 

A Time Standard for the Physics Laboratory. H. T. Situ, University of 

Louisville and Girdler Corporation. 

Maxwell’s Mesh Method. P. C. OveRSTREET, Morehead State College. 


Some Remarks on the Galvanometer. M. S. CoHEN, University of 
Kentucky. 5 


Some Experiences in Government and Industrial Research. J. G. 
BLACK, Eastern Kentucky State College. 


365 


Simplifying Filter Circuits. H. J. Dairy, Lafayette High School, Lex- 
ington. 

A Seismograph, Electromagnetic Type. S. J. ALLEN, University of 
Kentucky. 

A Wilson Cloud Chamber. R. W. WILLMott, University of Kentucky. 

A Small Van de Graaff Generator. R. A. LorinG, University of Louisville. 


At the business meeting, the following officers were 
elected for 1948: President, J. G. Black, Eastern Kentucky 
State College; Vice President, R. A. Loring, University of 
Louisville; Secretary-Treasurer, L. W. Cochron, University 
of Kentucky; Representative on Executive Committee, D. M. 
Bennett, University of Louisville. 


Wisconsin Section 


The annual meeting of the Wisconsin Section of the 
American Association of Physics Teachers was held on 
Saturday, May 8th, 1948, at Eau Claire State Teachers 
College, Eau Claire, Wisconsin. 

During the morning session the following papers were 
presented : 


Some Investigations of the Voltage Distribution of the Point to Plane 

Corona Discharge. V. P. BAtHA, Carroll College. 

A Course in Electronics for Small Colleges. C. L. Ricu, Stout Institute. 
A Method of Grading Laboratory Work in Physics in Colleges. C. L. 

Ricu, Stout Institute. 

The Use of Force in Teaching Physics. J. G. WINANS, University of Wis- 
consin. 

At noon a luncheon and business meeting were held, at which time the 
following officers were elected: President, W. P. Gilbert, Lawrence 
College; and Secretary, W. P. Clark, Eau Claire State Teachers College. 
Dr. R. R. Palmer, Beloit College, was elected to represent the Wisconsin 
Section on the Executive Committee of the Association. 


During the afternoon the following program was heard: 


The Formation of Crystals in Polarized Light. Teaching film prepared by 
Kent H. BRACEWELL, Hamline University, St. Paul. 

Physics in the Predental and Premedical Curriculum. A. G. BARKow, 
Marquette University. J 

The Princeton Conference on the Teaching of Physics for Purposes of 
General Education. W. P. GILBERT, Lawrence College. 

The Iowa Study of Methods Employed in Physics Courses for Purposes 
of General Education. R. R. PALMER, Beloit College. 


Western Pennsylvania Section 


The regular spring meeting of the Western Pennsylvania 
Section of the American Association of Physics Teachers 
was held May 15, 1948, at Grove City College, Grove 
City, Pennsylvania. This was the twenty-ninth meeting 
of the group. Sixty-eight members and guests were in 
attendance. The meeting was opened with an address of 
welcome by Dr. Weir C. Ketler, President of Grove City 
College. The program was as follows: 

Elementary physics at University of California at Los Angeles during 
the war. J. A. SWINDLER, Westminster College. 

Rolling. W. N. St. PETER, University of Pittsburgh. 

Should Coulomb’s Law be repealed? W. H. MICHENER, Carnegie 
Institute of Technology. 


The first excitation and ionization potentials of mercury. W. G. 
Rupy, Carnegie Institute of Technology. 
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Chart of magnetic units. R. C. Hitcucock, State Teachers College, 
Indiana, Pennsylvania. 

Dissipation factor. E. A. CrosBie, Washington and Jefferson College. 

The Merry-go-round, a simple experiment in rotational motion. E. A. 
LOWENSTEIN, Carnegie Institute of Technology. 


The magnetic field of a solenoid. W. H. MICHENER, Carnegie Institute 
of Technology. 


Student questionnaires. OswaLD BLACKWwoop, University of Pitts- 
burgh. 


The fall meeting of the section will be held at Duquesne 
University, Pittsburgh, Pennsylvania. At the business 
meeting a committee consisting of Professors Blackwood, 
Hitchcock and Hill was appointed to communicate with 
the American Institute of Physics regarding a pamphlet 
describing the opportunities for majors in physics and the 
need for training in that subject. 

At the close of the meeting the following resolution was 
presented by Professor C. Williamson of Carnegie Institute 
of Technology: The members of the Western Pennsylvania 
Section of the American Association of Physics Teachers 
extend hearty thanks to Grove City College and Professor 
Russell P. Smith for their kind hospitality and the excellent 
arrangements made for the meeting. 

RosBert C. CoLweELt, Secretary 


New England Section, American Physical 
Society 


The 30th meeting of the New England Section of the 
American Physical Society was held at the Physics Labora- 
tories, Harvard University, Cambridge, Massachusetts, 
on Saturday, May 29, 1948. Ninety-nine members of the 
Section registered. The programme included four invited 
papers, three of which formed a symposium on cosmic rays. 
There follow the titles of the invited papers and the ab- 
stracts of the ten minute contributed papers relating to 
the teaching of physics. Abstracts of the ten minute con- 
tributed papers relating to research will appear in the 
Physical Review. 


Invited Papers 


The physics laboratories, and researches in progress at Harvard 
University. R. W. HICKMAN (Director, Jefferson Laboratory) AND E. L. 
CHAFFEE (Director, Cruft Laboratory). 


Symposium on Cosmic Rays 
Interpretation of cosmic ray phenomena. BruNOo Rossi, Massa- 
chusetts Institute of Technology. 
Cosmic ray showers at low altitudes. C. G. MONTGOMERY, 
University. 


Application of crystal counters to cosmic ray studies. J. C. STREET, 
Harvard University. 


Yale 


Contributed Papers 


Classroom opinion polls as a teaching aid. W. L. BRown Anp G. J. 
Hotton, Jefferson Physical Laboratory, Harvard University.—In the 
elementary physics course at Harvard the large number of students 
makes an instructor-student relationship difficult. Two different ap- 
proaches have been experimented with to reduce this deficiency: 

(1) Anonymous ‘Progress Reports” handed in by the students at 
regular intervals throughout the year, in which they can report, in their 
own way, their personal progress in the course. 

(2) Anonymous questionnaire-type polls of the class at the end of the 
semester on questions concerned with general attitudes of the student 
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toward the course, as well as on questions dealing with specific teaching 
procedures. 

This paper will summarize the results of these experiments which have 
been most helpful in defining the emphasis of the course and in 
evaluating teaching methods and policies. 


Gorpon F. HUuLt, Jr., Secretary-Treasurer 


University of Iowa Colloquium for 
College Physicists 


The 9th annual University of Iowa Colloquium for 
College Physicists was held on June 10 to 12, 1948. Those 
registered included 126 physicists, from 71 institutions in 
18 states, and 25 staff members and graduate students 
from the University of lowa. The program follows. 


Exhibit of selected film strips, sound film strips and sound films. 

Developments in nuclear physics. JosepH M. KELLER, Iowa State 
College. 

Solar activity as the origin of cosmic rays. W. W. SALISBURY, Collins’ 
Radio Company. 

Science instruction desirable in a liberal education. Ear. J. 
McGrath, Dean of Liberal Arts, State University of Iowa. 

Demonstrations and exhibits. W. D. BEMMELS, Olfawa University; 
JEROME BREWER, Midwest Research Institute; J. H. CLEMENTS, South 
Dakota State College; R. H. CooK, South Dakota School of Mines and 
Technology; R. L. EDwarps, Miami University; J. A. ELDRIDGE, State 
University of Iowa; G. O. GALE, Grinnell College; NEWELL S. GINGRICH, 
University of Missouri; J. W. HAKE, Northwest Missouri State Teachers 
College; ROSCOE E. Harris, University of Illinois; Z. V. HARVALIK, 
University of Missouri; W. J. Hooper, The Principia; H. C. JENSEN, 
Lake Forest College; J. C. JENSEN, Nebraska Wesleyan University; K. G. 
Larson, Augustana College; WALTER G. MARBURGER, Western Michigan 
College; PAUL E. MARTIN, Wheaton College; WALDEMAR NOLL, Berea 
College; DONALD OLSON, Wisconsin State Teachers College; M1tLwarp T. 
RopINE, Gustavus Adolphus College; Louts SHAPIRO, University of Mis- 
souri; CLARENCE R. SMITH, Aurora College; ORRIN H. SmituH, De Pauw 
University; RICHARD M. SuTTON, Haverford College; FRANcIS E. THRow, 
Cornell College; J. A. VAN DEN AKKER, Institute of Paper Chemistry; 
Ear W. THomson, U.S. Naval Academy. 

Student Exhibits. ARTHUR Mattaias, Wartburg College; Lester 
ZELLE, Wartburg College; ALFRED SCHWANEKE, Missouri School of 
Mines; BARTHOLD BouRICIUS AND ROBERT JONES, Hastings College. 

Upper atmospheric research by means of rockets. James A. VAN 
ALLEN, Applied Physics Laboratory, Johns Hopkins University. 

Scientific method and the teacher. Round table discussion. J. W. 
Bucuta, University of Minnesota; H. H. MARVIN, University of Ne- 
braska; FRANCIS E. THrow, Cornell College; J. C. JENSEN, Nebraska 
Wesleyan University; GEORGE H. VINEYARD, University of Missouri. 

The Conant-Taylor-French Conference on science in general educa- 
tion—a report. C. L. HENsHAw, Colgate University; DUANE ROLLER, 
Wabash College; W. Paul Gi_Bert, Lawrence College. 

Methods used in teaching physics in general education. A report by 
R. R. PALMER, Beloit College anD W. PAuLt GILBERT, Lawrence College. 

Atomic energy—a discussion. Louis N. RIpENouR, University of 
Illinois; W. W. WayMack, Atomic Energy Commission; C. ROGERS 
McCuL.LouGu, Monsanto Chemical Company. 

Prizes for the best demonstrations and exhibits, as determined by 
popular ballot, were won by JEROME BREWER, Midwest Research Insli- 
tute; Z. V. HARVALIK, University of Missouri; AND W. D. BEMMELS, 
Ottawa University. 


Other features of the Colloquium were a University 
Lecture by W. W. Waymack, Atomic Energy Commission; 
several luncheon and dinner sessions, one of them in honor 
of Dr. C. N. Wall, University of Minnesota; a reception 
for members and guests at the home of the gracious 
Colloquium host, Professor G. W. Stewart. 
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ANNOUNCEMENTS AND NEWS 


Book Reviews 


Electron and Nuclear Physics. Third edition. J. BARTON 
Hoa Anp S. A. Korrr. Pp. 522-+-xi, Figs. 268, Tables 
17, 143X223 cm. D. Van Nostrand Company, Inc., 
New York, 1948. Price $5.00. 


This volume is a revision and extension of the 1938 
edition of Hoag’s Electron and Nuclear Physics. A careful 
reading of the whole and repeated rereadings of numerous 
sections have left the reviewer with very mixed feelings. 
Except for a major change in the chapter on artificial 
transmutation, and fairly frequent minor extensions, there 
has been no significant change from the earlier edition in 
either the content or the method of presentation. 

This edition, like its forerunner, will be found valuable 
mainly in two respects. First, through many suggested 
experiments it allows a student to perform, or visualize 
performing, many not too complicated laboratory exercises 
which aid immeasurably in furthering his understanding 
of concepts and basic experimental procedures. Most of the 
experiments are well adapted for the purpose. A few, which 
seem to have been added largely for the sake of complete- 
ness, appear rather out of place. 

The book will likewise be found valuable to many who 
desire a rapid but not too thorough survey of the many 
fields covered. There is some information on each of in- 
numerable subjects. The number of subjects treated in a 
book of this length has itself precluded the possibility of 
thorough treatment of individual subjects. Although a 
goodly number is included, specific references are neither 
sufficiently extensive nor properly chosen to make them 
particularly useful in starting the reader on a thorough 
survey of the periodical literature in a given field. The 
authors probably did not intend that they should serve 
this purpose. 

Although the book will prove valuable in the two 


b respects mentioned, the reviewer does not consider it 


effective for the teaching of an understanding of subject 
matter. Emphasis appears to have been placed upon 
including a large amount of information on many subjects, 
rather than upon getting a real understanding across to 
the reader. It is not designed to aid effectively in the 
training of a student to think for himself in a scholarly 
fashion. The beginning student in this field, who will be 
the one to profit most from the book, will find himself 
misled occasionally by rather careless statements. For 
example, the section on Aston’s mass spectrograph starts 
with the statement that ‘‘Aston has improved the Thomson 
parabola method so that ... .”” The student then finds 
immediately that the Aston method wasn’t a parabolic 
method at all. And in connection with photoelectric 
emission is the statement that ‘‘Critical retarding poten- 
tials, proportionate to the maximum velocities of the 
(photoelectrons, were plotted against the frequency 

..” Further reading makes it clear that maximum 
energy rather than maximum velocity is meant. A number 


of statements similar to these only encourages looseness in 
thinking and carelessness of statement, neither of which 
should be encouraged in physics. 
J. D. StTRANATHAN 
University of Kansas 


College Physics. The late E, F. Burton, H. Grayson- 
SMITH, AND F. M. Quintan. Pp. 724. Pitman Publish- 
ing Corporation, New York, 1948. Price $4.50. 


Textbooks for introductory science courses are a re- 
sponse to varied and perhaps not altogether consistent 
demands. The textbook should provide a pleasing intro- 
duction, such that the student will become interested in 
or even excited about the science which is described, and 
will see how important it is in contemporary culture. This 
is the popular science aspect. But also, the knowledge and 
experience that has been gained in the science should be 
presented as thoroughly as possible. In this respect the 
textbook tends towards being an encyclopedia of a given 
domain. And finally, the textbook should give a reasonable 
and logically developed account of its subject. In view of 
the fact that by far the most successful textbook has been 
the one which developed this last aspect to an extreme— 
I refer to Euclid’s Elements—it is perhaps surprising that 
a physics textbook which gives a purely logical develop- 
ment from axions, undefined terms, and protocol state- 
ments has not appeared. In the same breath, it must be 
admitted that the mathematician has a certain initial 
advantage over the physicist with respect to logical struc- 
ture in his science. 

The book under review is intended for non-specialists in 
the sciences, who are studying physics as part of their 
training for an applied science like medicine or agriculture 
or as part of their general education. The authors tell us 
in the preface that they do not believe that physics can 
be taught by cartoons, and they explicitly disavow any 
attempt to have written an ‘“‘easy’’ book. One is impressed 
by their rigor and completeness; if this book is a fair 
indication, the non-scientists’ physics course at Toronto 
is more demanding of its students than are coniparable 
courses at many leading universities in the United States. 

The emphasis in this text is on factual material rather 
than on theory and logical structure. This is not to say 
that theory is neglected; it is not, and, further, mathe- 
matical methods are amply and intelligently used. But the 
concrete experiences and applications of physics are given 
priority, and one does not get the impression that facts 
are presented mainly for the sake of confirming and illus- 
trating the theory, which constitutes (on this view) the 
genuine achievement of physics. 

“‘Modern” physics is discussed in three final chapters 
on x-rays, radioactivity, and the quantum theory. Some 
topics, as x-rays, the old quantum theory, and the electron 
microscope, are discussed with unusual detail. On the 
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other hand, the treatment of elementary particles, ac- 
celerators, and atomic energy release is surprisingly brief 
and sketchy for a book published in 1948. There is no 
indication that Newton’s laws are not the last word in 
mechanics. An interesting and commendable innovation is 
a chapter on applications of physical optics to astronomy, 
in which such matters as stellar spectra and magnitudes, 
Doppler effect, and classes of stars are discussed. In the 
section on mechanics, also, there is more detailed material 
on astronomy than is commonly found in introductory 
physics texts. 

There are a number of other topics which are treated in 
notable detail. For example, there are entire chapters on 
physics of the atmosphere and meteorology, on surface 
tension phenomena, on viscosity and diffusion, and on 
the human voice and hearing. The treatments of wave 
motion, and also of physical optics generally, seem to be 
unusually complete and well done. Thus, refraction as 
explained by the corpuscular and wave theories of light, 
respectively, is discussed along with the evidence for the 
latter from the velocity of light in a material medium. 
Diffraction and interference as wave phenomena are also 
presented in detail. The criticism might be made, however, 
that the particle aspect of light is not given its due. The 
implications of the photoelectric effect are discussed, but 
the reader is told that light quanta can be considered as 
“‘bundles of waves.” The term “‘photon”’ is not introduced. 

The cgs system of units is used throughout the book, 
with adequate reference to the British and American 
systems. Fundamental units are carefully defined in the 
first chapter, and the primacy of length, time, and mass 
units is explained by the statement that “there are really 
three fundamental conceptions which we as human beings 
have; they are time, space, and muscular effort.’’ No 
doubt philosophers and psychologists, as well as physicists, 
would take varying positions on this statement. This 
reviewer has found, however, that the presentation of 
physical units to beginning students does gain in sig- 
nificance and interest by classroom discussion of such 
questions as what do units measure, and to what extent 
can our units be defined by universal physical quantities, 
as the cadmium red wave-length, rather than by arbitrary 
standards. . 

The text is clear and well written, and the many dia- 
grams and illustrations are excellent. There are problems, 
largely of a numerical kind, at the end of most chapters, 
with sample problems and solutions in some cases. Tables 
of numerical data are generously included throughout 
the book. 

RICHARD SCHLEGEL 
Princeton University 


Modern College Physics. Harvey E. Waite. Pp. 787+xv, 
Figs. 793, 23X15 cm. D. Van Nostrand Company, 
Inc., New York, 1948. Price $5.00. 


This textbook is much more than a revision of Classical 
and Modern Physics, by the same author, published in 
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1940. For one thing, Modern College Physics has not 
neglected mechanics but devotes reasonable space to this 
foundation. Many of the features of the 1940 book, how- 
ever, have been retained in the present volume. Modern 
College Physics is crammed full of facts, some of which 
have never before appeared in textbooks on general college 
physics. The sections on atomic physics, electronics, and 
nuclear physics should be especially useful to teachers who 
are called on continually to answer the many questions of 
the beginner as well as inquiries from the casually interested 
in these fields. 

Those who may consider Professor White’s book for 
adoption may be assured of one thing. There is a wealth 
of material in this book to supply the needs of any full 
year course given for engineers, chemists, premedics, or 
the budding physicist. Also, chapters are of convenient 
length, illustrations plentiful and attractive, problems and 
questions useful. 

In considering the book as a text, objectionable items 
are sure to be found among the satisfying features, and no 
two teachers will agree completely on which is which. 
A few weaknesses, in the reviewer’s opinion, need men- 
tioning. The author has assembled an unusually appropri- 
ate and extensive set of facts in Modern College Physics, 
but exhibits a definite carelessness or impatience with the 
logic and coherence of the subject. To illustrate, consider 
the definition of specific heat as a ratio and the use of this 
concept as synonymous with the heat capacity of a sub- 
stance. The ratio definition is seldom given in modern 
texts and almost never used. Another vivid example 
appears in Eqs. 48c and 48d. Magnetic field intensity 
is equated to force per unit pole in the first instance, and 
to force alone in the second. 

There is a lack of consistent precision in numerical 
values given. It is a pity that all calculus has been elimi- 
nated, as well as the derivations of some of the useful 
formulas, such as the lens equation. Too often the formula 
is given and the student is exposed largely to problems of 
direct substitution. 

Tinkering with such traditions as the right-hand rule 
(a left-hand rule is given for the Oersted experiment) 
seems rather uselessly confusing. Perhaps a new arithmetic 
based on twelve instead of ten would be the mathematical 
equivalent. 

Since the affirmative should have the last word, re- 
member that the first chapter is stimulating. This is im- 
portant. Mechanics has been adequately treated and not 
suppressed to gain space for modern physics. This is 
certainly sound. For teachers pressed for time there are 
chapters scattered throughout the book which can be 
omitted without crippling the student as he proceeds. The 
teacher who feels he must omit some should make his 
decision beforehand, for the later chapters have a wealth 
of contribution. For classes where students enter well 
prepared, some chapters can be readily combined. The 
chapter on anatomical mechanics will be a find for the 
teacher of premedics, as will also the treatment of blood 
circulation in the chapter on fluids in motion. In fact, the 
whole section on properties of matter is much superior to 
the material on this phase of physics found in most texts. 
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Some teachers will regret the somewhat superficial treat- 
ment of optics but all should be grateful for such an 
interesting and instructive chapter as the one on color and 
color photography. And while the chapters on electricity 
and magnetism will prove disappointing to many, enthu- 
siasm for the book will grow for both teacher and student 
as they progress from Chapter 56 on through the book. 
The sections on atomic physics, electronics, quantum 
theory, and nuclear physics are such that anyone interested 
in these fields can read them with profit. 
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A teacher planning to use the text should be cautioned 
to revise his traditional time scale for the various parts of 
a year’s course and to cooperate thoughtfully with the 
author in covering the essentials of the material available. 
If this is done, the results will be rewarding. Professor 
White must be congratulated for the fine contribution 
which he has made to the business of teaching physics. 


R. F. Paton 
University of Illinois 


New Members of the Association 


The following persons have been made members or junior members (J) of the American 
Association of Physics Teachers since the publication of the preceding list [Am. J. Physics 


16, 307 (1948) ]. 
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Anderson, David L., 19 McCarthy Road, Cambridge 38, Mass. 
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Babcock, Joseph D., Lycoming College, Williamsport, Pa. 
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Raleigh, N. C. 
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Barthel, Brother Romard, St. Edward's University, Austin, Texas 
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Station, Rochester 7, N. Y. 

Blenler, Ernest, 3 Ross Ade Drive, West Lafayette, Ind. 
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Bluh, Otto, Physics Department, University of British Columbia, 
Vancouver, Canada. 
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46, Calif. 
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Dudziak, Walter Francis (J), 374 N. Summer St., Adams, Mass. 
Echols, Miss Renette Berthelee, 1906 Tilletson Ave., Austin, Texas. 
Eller, Jay Vernard, Route 5, Wenatchee, Wash. 
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Foster, Edward Staniford, Jr., Department of Physics, University of 
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George, E. F., Physics Department, University of Alaska, College, 
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Goldsmith, Joseph, 168 W. Lincoln St., Waynesburg, Pa. 
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Graham, Clifford T., 17-33 Madison Ave., Bldg. 5, Apt. 21, Madison 
a 

Grandey, Raymond Alvin (J), 719 Fairfax Rd., Drexel Hill, Pa. 
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Hammer, F. Emmett, 1920 Massachusetts St., Lawrence, Kans. 
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Harper, Joseph P., Department of Physics, University of Scranton, 
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Hodson, Edward, 623 West State St., Milwaukee, Wis. 
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Mo. 
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Ising, Ernest, Minot State Teachers College, Minot, N. Dak. 
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